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CONSTITUTION
REVISED AT THE FIFTH, EIGHTH, TWELFTH, TWENTY-THIRD, TWENTY-FOURTH,

TWENTY-SEVENTH AND TWENTY-EIGHTH ANNUAL CONVENTIONS

ARTICLE I

Name, Object and Location
Name

1. The name of this Association is the American Railway Engi-

neering Association.

Object

2. Its object is the advancement of knowledge pertaining to the scien-

tific and economic location, construction, operation and maintenance of

railways.

Means to Be Used
3. The means to be used for this purpose shall be as follows

:

(a) Meetings for the reading and discussion of reports and papers,

and for social intercourse.

(b) Investigation of matters pertaining to the objects of the Asso-

ciation through Standing and Special Committees.

(c) The publication of papers, reports and discussions.

(d) The maintenance of a library.

Responsibility

4. Its action shall be recommendatory, and not binding upon its

members.

Location of Office

5. Its permanent office shall be located in Chicago, 111., and the annual

convention shall be held in that city.

ARTICLE II

Membership
Membership Classes

1. The membership of this Association shall be divided into three

classes, viz. : Members, Honorary Members, and Associates.

Membership Qualifications

(2) A Member shall be:

(a) Either a Civil Engineer, a Mechanical Engineer, an Electrical

Engineer, or an official of a railway corporation, who has had not less

than five (5) years' experience in the location, construction, maintenance

or operation of railways, and who, at the time of application for member-

ship, is engaged in railway service in a responsible position in charge of

work connected with the Location, Construction, Operation or Maintenance

of a Railway
;
provided, that all persons who were Active Members prior

to March 20, 1907, shall remain Members except as modified by Article

TI, Clause 9.

(b) A Professor of Engineering in a college of recognized standing.

9
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Honorary Membership Qualifications

3. An Honorary Member shall be a person of acknowledged eminence

in railway cnsinccrinp or management. The number of Honorary Members

shall be limited to ten.

Associate Membership Qualifications

4. An Associate shall be a person not eligible as a Member, but whose

pursuits, scientific acquirements or practical experience qualify him to co-

operate with Mcmljcrs in the advancement of professional knowledge, such

as Consulting, Inspecting, Contracting, Government or other Engineers,

Instructors of Engineering in Colleges of recognized standing, and Engineers

of Industrial Corporations when their duties are purely technical.

Membership Rights

5. (a) Members shall have all the rights and privileges of the

Association.

(b) Honorary Members shall have all the rights of Members, except

that of holding office, and shall be exempt from the payment of dues.

(c) Associates shall have all the rights of Members, except those of

voting and holding office.

Age Requirements

6. An applicant to be eligible for membership in any class shall not be

less than twenty-five (25) years of age.

"Railway" Defined

7. The word "railway" in this Constitution means one operated by

steam or electricity as a common carrier, dependent upon transportation for

its revenue. Engineers of street railway systems and of railways which are

used primarily to transport the material or product of an industry or indus-

tries to and from a point on a railway which is a common carrier or those

which are merely adjuncts to such industries, are eligible only as Associates.

Changes in Classes

8. A Member, elected after March 20, 1907, who shall leave the

railway service, shall cease to be a Member, but may retain membership

in the Association as an Associate, subject to the provisions of Article II,

Clause 9; provided, however, if he re-enters the railway service, he shall

be restored t6 the class of Members.

Supply Men
9. Persons whose principal duties require them to be engaged in

the sale or promotion of railway patents, appliances or supplies, shall not

be eligible for, nor retain membership in any class in this Association,

except that those who were Active Members prior to March 20, 1907, may

retain membership as Associates
;

provided, however, that anyone having

held membership in the Association and subsequently having become subject

to the operation of this clause, shall, if he again becomes eligible, be per-

mitted to re-enter the Association, without the payment of a second entrance

fee.



Constitution II

Transfers

10. The Board of Direction shall transfer members from one class

to another, or remove a member from the membership list, under the

provisions of this Article.

ARTICLE III

Admissions and Expulsions

Charter Membership
1. The Charter Membership consists of all persons who were elected

before March 15, 1900.

Application for Membership
2. The Charter Membership having been completed, any person desir-

ous of becoming a member shall make application upon the form prescribed

by the Board of Direction, setting forth in a concise statement his name,

age, residence, technical education and practical experience. He shall refer

to at least three members to whom he is personally known, each of whom
shall be requested by the Secretary to certify to a personal knowledge of

the candidate and his fitness for membership.

Election to Membership
3. Upon receipt of an application properly endorsed, the Board of

Directors, through its Secretary, or a Membership Committee selected

from its own members, shall make such investigation of the candidate's

fitness as may be deemed necessary. The Secretary will furnish copies of

the information obtained and of the application to each member of the

Board of Direction. At any time, not less than thirty days after the

filing of the application, the admission of the applicant shall be canvassed

by letter-ballot among the members of the Board, and affirmative votes

by two-thirds of its members shall elect the candidate
;

provided, how-

ever, that should an applicant for membership be personally unknown to

three members of the Association, due to residence in a foreign country,

or in such a portion of the United States as precludes him from a suffi-

cient acquaintance with its members, he may refer to well-known men
engaged in railway or allied professional work, upon the form above

described, and such application sliall be considered by the Board of

Direction in the manner above set forth, and the applicant may be elected

to membership by a unanimous vote of the Board.

Subscription to Constitution

4. All persons, after due notice from the Secretary of their elec-

tion, shall subscribe to the Constitution on the form prescribed by the

Board of Direction. If this provision be not compiled with within six

months of said notice, the election shall be considered null and void.

Reinstatement

5. Any person having been a member of this Association, and having,

while in good standing, resigned such membership, may be reinstated without

the payment of a second entrance fee ; provided his application for reinstate-
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ment is signed by five members certifying to his fitness for same, and such

application is passed by a two-thirds majority of the Board of Direction.

Honorary Membership
6. Proposals for Honorary Membership shall be submitted by ten or

more Members. Each member of the Board of Direction shall be furnished

with a copy of the proposal, and if, after thirty days, the nominee shall re-

ceive the unanimous vote of said Board, he shall be declared an Honorary

Member.

Expulsions

7. When charges are preferred against a Member in writing by ten

or more Members, the Member complained of shall be served with a copy

of such charges, and he shall be called upon to show cause to the Board

of Direction why he should not be expelled from the Association. Not

less than thirty days thereafter a vote shall be taken on his expulsion,

and he shall be expelled upon a two-thirds vote of the Board of Direction.

Resignations

8. The Board of Direction shall accept the resignation, tendered in

,

writing, of any Member whose dues are fully paid up.

ARTICLE IV

Dues
Entrance Fee

1. An entrance fee of $10.00 shall be payable to the Association

through its Secretary with each application for membership; and this sum

shall be returned to the applicant if not elected.

Annual Dues
2. *The aimual dues are $10.00, payable during the first three months

of the calendar year.

Arrears

3. Any person whose dues are not paid before April 1st of the cur-

rent year shall be notified of same by the Secretary. Should the dues

not be paid prior to July 1st, the delinquent Member shall lose his right

to vote. Should the dues remain unpaid October 1st, he shall be notified

on the form prescribed by the Board of Direction, and he shall no longer

receive the publications of the Association. If the dues are not paid by

December 31st, he shall forfeit his membership without further action

or notice, except as provided for in Clause 4 of this Article.

Remission of Dues
4. The Board of Direction may extend the time of payment of dues,

and may remit the dues of any Member who, from ill-health, advanced age

or other good reasons, is unable to pay them.

•The annual payment of $10.00 made by each member is to be subdivided and
credited on the books of the Association, as follows: To member's lubscription to the

Bulletin, $5.00; annual dues, $5.00.



Constitution 13

ARTICLE V

Board of Direction

Officers

1. The officers of the Association shall be Members and shall con-

sist of

:

A President,

A First Vice-President,

A Second Vice-President,

A Treasurer,

A Secretary,

Nine Directors,

who, together with the five latest living Past-Presidents who are Members,

shall constitute the Board of Direction in which the government of the

Association shall be vested, and who shall act as Trustees, and have the

custody of all property belonging to the Association.

Vice-Presidents' Priority

2. The offices of First and Second Vice-Presidents shall be determined

by the priority of their respective dates of election.

Terms of Office

3. The terms of office of the several officers shall be as follows

:

President, one year.

Vice-Presidents, two years.

Treasurer, one year.

Secretary, one year.

Directors, three years.

Officers Elected Annually

4. (a) There shall be elected at each Annual Convention

:

A President,

One Vice-President,

A Treasurer,

A Secretary,

Three Directors.

(b) The candidates for President and for Vice-President shall be

selected from the members of the Board of Direction.

Conditions of Re-election of Officers

5. The office of President shall not be held twice by the same per-

son. A person who shall have held the office of Vice-President or Director

shall not be eligible for re-election to the same office until at least one full

term shall have elapsed after the expiration of his previous term of office.

Term of Officers

6. The term of each officer shall l)egin with his election and continue

until his successor is elected.
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Vacancies in Offices

7. (a) A vacancy in the office of President sliall be filled by the

First Vice-President.

(b) A vacancy in the office of either of the Vice-Presidents shall

be filled by the Board of Direction by election from the Directors. A
Vice- Presidency shall not be considered vacant when one of the Vice-

Presidents is filling a vacancy in the Presidency.

(c) Any other vacancies for the unexpired term in the membership

of the Board of Direction shall be filled by the Board.

(d) An incumbent in any office for an unexpired term shall be eligible

for re-election to the office he is holding
;
provided, however, that anyone

appointed to fill a vacancy as Director within six months after the term

commences shall be considered as coming within the provision of Article

V, Clause 5.

Vacation of Office

8. When an officer ceases to be a Member of the Association, as

provided in Article II, his office shall be vacated, and be filled as pro-

vided in Article V, Clause 7.

Disability or Neglect

9. In case of the disability or neglect in the performance of his

duty of an officer, the Board of Direction, by a two-thirds majority

vote of the entire Board, shall have power to declare the office vacant,

and fill it as provided in Article V, Clause 7.

ARTICLE VI

Nomination and Elf.ction of Officers

Nominating Committee

1. (a) There shall be a Nominating Committee composed of the five

latest living Past-Presidents of the Association, who are Members, and

five Members not officers.

(b) The five Members shall be elected annually when the officers of

the Association are elected.

Number of Candidates

2. It shall be the duty of this Committee to nominate candidates to

fill the offices named in Article V, and vacancies in the Nominating Com-
mittee caused by expiration of term of service, for the ensuing year, as

follows

:

Number of Candi- Number of Candi-

dates to be named dates to be Elected

by Nominating at Annual Election

Office to be Filled Committee of Officers

President 1 1

Vice-President 1 1

Treasurer 1 1

Secretary 1 1

Directors 9 3

Nominating Committee 10 5
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Chairman

3. The Senior Past-President shall act as permanent chairman of

the Committee, and will issue the call for meetings. In his absence from

meetings, the Past- President next in age of service shall act as Chairman
pro tern, at the meeting.

Meeting of Committee
4. Prior to December 1st each year, the Chairman shall call a meeting

of the Committee at a convenient place and, at this meeting, nominees for

office shall be agreed upon.

Announcement of Names of Nominees
5. The names of the nominees shall be announced by the permanent

Chairman to the President and Secretary not later than December 15th of

the same year, and the Secretary shall report them to the members of the

.A.ssociation on a printed slip not later than January 1st following.

Additional Nominations by Members
6. At any time between January 1st and February 1st, any ten or

more Members may send to the Secretary additional nominations for the

ensuing year signed by such Members.

Vacancies in List of Nominees
7. If any person so nominated shall be found by the Board of Direc-

tion to be ineligible for the office for which he is nominated, or should a

nominee decline such nomination, his name shall be removed and the Board

may substitute another one therefor ; and may also fill any vacancies that

may occur in this list of nominees up to the time the ballots are sent out.

Ballots Issued

8. Not less than thirty days prior to each Annual Convention, the

Secretary shall issue ballots to each voting member of record in good

standing, with a list of the several candidates to be voted upon, with the

names arranged in alphabetical order when there is more than one name

for any office.

Substitution of Names
9. Members may erase names from the printed ballot list and may

substitute the name or names of any other person or persons eligible for

any office, but the number of names voted for each office on the ballot

must not exceed the number to be elected at that time to such office.

Ballots

10. (a) Ballots shall be placed in an envelope, sealed and endorsed

with the name of the voter, and mailed or deposited with the Secretary

at any time previous to the closure of the polls.

(b) A voter may withdraw his ballot, and may substitute another,

at any time before the polls close.

Invalid Ballots

11. Ballots not endorsed or from persons not qualified to vote shall

not be opened ; and any others not complying with the above provisions

shall not be counted,
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Closure of Polls

12. The polls shall be closed at twelve o'clock noon on the second

day of the Annual Convention, and the ballots shall be counted by three

tellers appointed by the Presiding Officer. The ballots and envelopes

shall be preserved for not less than ten days after the vote is canvassed.

Requirements for Election

13. The pcr.soiis who shall receive the highest number of votes foi

the offices for w^hich they are candidates shall be declared elected.

Tie Vote

14. In case of a tie between two or more candidates for the same

office, the members present at the Annual Convention shall elect the officer

by ballot from the candidates so tied.

Announcement
15. The Presiding Officer shall announce at the convention the names

of the officers elected in accordance with this Article.

First Nominating Committee
16. Except as to the Past- Presidents, the first Nominating Commit-

tee and the three additional Directors provided for shall be appointed

by the Board of Direction, one of the Directors for one year, one for

two years and one for three years.

ARTICLE VII

Management
Duties of President

1. (a) The President shall have general supervision of the affairs

of the Association, shall preside at meetings of the Association and of

the Board of Direction, and shall be ex-officio member of all Commit-

tees, except the Nominating Committee.

(b) The Vice-Presidents, in order of seniority, shall preside at meet-

ings in the absence of the President and discharge his duties in case of

a vacancy in his office.

Duties of Treasurer

2. The Treasurer shall receive all moneys and deposit same in the

name of the Association, and shall receipt to the Secretary therefor. He
shall invest all funds not needed for current disbursements as shall be

ordered by the Board of Direction. He shall pay all bills, when properly

certified and audited by the Finance Committee, and make such reports

as may be called for by the Board of Direction.

Duties of Secretary

3. The Secretary shall be, under the direction of the President and

Board of Direction, the Executive Officer of the Association. He shall

attend the meetings of the Association and of the Board of Direction,

prepare the business therefor, and duly record the pfoceedings thereof.

He shall see that the moneys due the Association are collected and without

loss transferred to the custody of the Treasurer. He shall personally
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certify to the accuracy of all bills or vouchers on which money is to

be paid. He is to conduct the correspondence of the Association and

keep proper record thereof, and perform such other duties as the Board

of Direction may prescribe.

Auditing of Accounts

4. The accounts of the Treasurer and Secretary shall be audited

annually by a public accountant, under the direction of the Finance

Committee of the Board.

Duties of Board

5. The Board of Direction shall manage the affairs of the Associa-

tion, and shall have full power to control and regulate all matters not

otherwise provided in the Constitution.

Board Meetings

6. The Board of Direction shall meet within thirty days after each

Annual Convention, and at such other times as the President may direct.

Special meetings shall be called on request, in writing, of five members of

the Board.

Board Quorum
7. Seven members of the Board shall constitute a quorum.

Board Committees
8. At the first meeting of the Board after the Annual Convention,

the following committees from its members shall be appointed by the

President, and shall report to and perform their duties under the super-

vision of the Board of Direction:

(a) Finance Committee.

(b) Publication Committee.

(c) Library Committee.

(d) Outline of Work of Standing Committees.

(e) Personnel of Committees.

(f) Membership.

(g) Manual.

Duties of Finance Committee

9. The Finance Committee shall have immediate supervision of the

accounts and financial affairs of the Association ; shall approve all bills

before payment, and shall make recommendations to the Board of Direc-

tion as to the investment of moneys and as to other financial matters.

The Finance Committee shall not have the power to incur debts or other

obligations binding the Association, nor authorize the payment of money

other than the amounts necessary to meet ordinary current expenses of

the Association, except by previous action and authority of the Board

of Direction.

Duties of Publication Committee

10. The Publication Committee shall have general supervision of

the publications of the Association.
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Duties of Library Committee

11. The Library Committee shall have general supervision of the

Library, the property therein, and the quarters occupied by the Secre-

tary ; shall make recommendations to the Board with reference thereto,

and shall direct the expenditure for books and other articles of perma-

nent value, from such sums as may be appropriated for these purposes.

Duties of Committee on Outline of Work of Standing Committees

12. The Committee on Outline of Work of Standing Committees

shall present a list of subjects for committee work during the ensuing

year at the first meeting of the Board of Direction after the annual

convention.

Duties of Committee on Personnel

13. The Committee on Personnel shall present a list of Chairmen,

Vice-Chairmen and members of Standing Committees for the ensuing year

at the first meeting of the Board of Direction after the annual convention.

Duties of Membership Cbmmittec

14. The Membership Committee shall make such investigation of

applications for membership as may be deemed necessary and make recom-

mendations to the Board of Direction.

Duties of Committee on Manual

15. The Committee on Manual shall have general supervision of the

preparation and issuance of the Manual.

Standing Committees

16. The Board of Direction may appoint such Standing Committees

as it may deem best, to investigate, consider and report upon questions

pertaining to railway location, construction or maintenance.

Special Committees

17. Special Committees to examine into and report upon any sub-

ject connected with the objects of this Association may be appointed from

time to time by the Board of Direction.

Discussion by Non-Members

18. The Board of Direction may invite discussions of reports from

persons not members of the Association.

Sanction of Acts of Board

19. An act of the Board of Direction which shall have received the

expressed or implied sanction of the membership at the next Annual Con-

vention of the Association shall be deemed to be the act of the Association,

and shall not afterwards be impeached by any Member.
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ARTICLE VIII

Meetings

Annual Convention

1. The Annual Convention shall be held in the City of Chicago. The
meetings shall begin on a Tuesday in the month of March, as may be

determined by the President.

Special Meetings

2. Special meetings of the Association may be called by the Board

of Direction, and special meetings shall be so called by the Board upon

request of thirty Members, which request shall state the purpose of

such meeting. The call for such meeting shall be issued not less than

ten days in advance, and shall state the purpose and place thereof, and

no other business shall be taken up at such meeting.

Notification of Annual Convention

3. The Secretary shall notify all members of the time and place of

the Annual Convention of the .'Association at least thirty days in advance

thereof.

Association Quorum

4. Twenty-five Members shall constitute a quorum at all meetings

of the Association.

Order of Business

5. (a) The order of business at annual conventions of the Association

shall be as follows

:

Reading of Minutes of last meeting.

Address of President.

Reports of the Secretary and Treasurer.

Reports of Standing Committees.

Reports of Special Committees.

Unfinished business.

New business.

Election of officers.

Adjournment,

(b) This order of business, however, may be changed by a majority

vote of members present.

Rules of Order

6. The proceedings shall be governed by "Robert's Rules of Order,"

except as otherwise herein provided.

Discussion

7. Discussion shall be limited to members and to those invited by

the presiding officer to speak.
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ARTICLE IX

Amendments
Amendments

1. Proposed amendments to this Constitution shall be made in writ-

ing and signed by not less than ten Members, and shall be acted upon in

the following manner

:

The amendments shall be presented to the Secretary, who shall send

a copy of same to each member of the Board of Direction as soon as

received. If at the next meeting of the Board of Direction a majority

of the entire Board are in favor of considering the proposed amend-

ments, the matter shall then be submitted to the Association for letter-

ballot, and the result announced by the Secretary at the next Annual

Convention. In case two-thirds of the votes received are affirmative, the

amendments shall be declared adopted and become immediately effective.



GENERAL INFORMATION
(Subject to change from time to time by Board of Direction.)

GENERAL RULES FOR THE PREPARATION, PUBLICATION
AND CONSIDERATION OF COMMITTEE REPORTS

(a) Appointment of Committees and Outline of Work

Standing Committees

1. The following are Standing Committees

:

I. Roadway.

II. Ballast.

III. Ties.

IV. Rail.

V. Track.

VI. Buildings.

VII. Wooden Bridges and Trestles.

VIII. Masonry.

IX. Grade Crossings.

X. Signals and Interlocking.

XI. Records and Accounts.

XII. Rules and Organization.

XIII. Water Service.

XIV. Yards and Terminals.

XV. Iron and Steel Structures.

XVI. Economics of Railway Location.

XVII. Wood Preservation.

XVIII. Electricity.

XIX. Conservation of Natural Resources (Abolished.)

XX. Uniform General Contract Forms.

XXI. Economics of Railway Operation.

XXII. Economics of Railway Labor.

XXIII. Shops and Locomotive Terminals.

XXIV. Cooperative Relations with Universities.

Special Committees

2. Special Committees will be appointed from time to time, as may
be deemed expedient, in the manner prescribed by Article VII, Clause 14,

of the Constitution.

The following are Special Committees

:

Stresses in Railroad Track.

Standardization.

Clearances.

Personnel of Committees

3. The personnel of all Committees will continue from year to year,

except when changes are announced by the Board of Direction. Ten per

cent, of the membership of each Committee shall be changed each year.
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Members of committees who do not attend meetings of committees

during the year or render service by correspondence will be relieved and

the vacancies filled by the Board at the succeeding Annual Convention.

Outline of Work

4. As soon as practicable after each Annual Convention the Board

of Direction will assign to each Committee the important questions which,

in its judgment, should preferably be considered during the current year.

Committees are privileged to present the results of any special study or

investigation they may be engaged upon or that may be considered of suffi-

cient importance to warrant presentation.

(b) Preparation of Committee Reports
General

5. The collection and compilation of data and subsequent analysis

in the form of arguments and criticism is a necessary and valuable pre-

liminary element of committee-work.

Collection of Data

6. Committees are privileged to obtain data or information in any

proper way. The Secretary will issue circulars of inquiry, which should

be brief and concise. The questions asked should be specific and pertinent,

and not of such general or involved character as to preclude the possi-

bility of obtaining satisfactory and prompt responses. They should specify

to whom answers are to be sent, and should be in such form that copies

can be retained by persons replying either by typewriter or blueprint.

Plan of Reports

7. Committee reports should be prepared as far as practicable to

conform to the following general plan

:

(a) It is extremely important that every Committee should examine

its own subject-matter in the "Manual" prior to each Annual Convention,

and revise and supplement it, if deemed desirable, giving the necessary

notice of any recommended changes in accordance with Clause 6 (a) of

the General Rules for the Publication of the "Manual." If no changes

are recommended, statement should be made accordingly.

(b) When deemed necessary, the previous report should be reviewed.

(c) Subjects presented in previous reports on which no action was

taken should be resubmitted, stating concisely the action desired. It may

not be necessary to repeat the original text in the report, reference to

former publication being sufficient, unless changes in the previously pub-

lished version are extensive. Minor changes can be explained in the text

of the report.

Definitions

(d) Technical terms used in the report, the meaning of which is

not clearly established, should be defined, but defined only from the stand-

point of railway engineering.
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History

(e) If necessary, a brief history of the subject-matter under dis-

cussion, with an outline of its origin and development, should be given.

Analysis

(f) An analysis of the most important elements of the subject-

matter should be given.

Argument

(g) The advantages and disadvantages of the present and recom-

mended practices should be set forth.

Illustrations

(h) Illustrations accompanying reports should be prepared so that

they can be reproduced on one page. The use of folders should be

avoided as much as possible, on account of the increased expense and

inconvenience in referring to them. Plans showing current practice, or

necessary for illustration, are admissible, but those showing proposed

definite design or practice should be excluded. Recommendations should

be confined to governing principles.

Illustrations should be made on tracing cloth with heavy black lines

and figures, so as to stand a two-thirds reduction ; for example : To come
within a type page (4 inches by 7 inches), the illustration should be made
three times the above size.

To insure uniformity, the one-stroke, inclined Gothic lettering is

recommended.

Photographs should be clear and distinct silver prints.

Conclusions

(i) The conclusions of the Committee which are recommended for

publication in the Manual should be stated in concise language, logical

sequence, and grouped together, setting forth the principles, specifications,

definitions, forms, tables and formulas included in the recommendation.

Portions of the text of the report which are essential to a clear inter-

pretation and understanding of the conclusions, should be included as an

integral part thereof.

(c) Publication of Committee Reports

Reports Required

8. (a) Reports will be required from each of the Standing and Special

Committees each year.

(b) Although several subjects may be assigned to each Committee
by the Board of Direction, a full report on only one subject is expected

at each Annual Convention, but the preliminary work on some of the

remaining subjects should be in progress, and, when deemed advisable,

partial reports of progress should also be presented. This method allows

time for their proper preparation and consideration.
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Date of Filing Reports

9. Committee reports to come before the succeeding convention for

discussion should be filed with the Secretary not later than November
30th of each year.

10. Committees engaged upon subjects involving an extended investi-

gation and study are privileged to present progress reports, giving a brief

statement of the work accomplished, and, if deemed expedient, a forecast

of the final report to be presented.

Publication of Reports -

11. Committee reports will be published in the Bulletin in such

sequence as the Board of Direction may determine, for consideration at

the succeeding convention. Reports will be published in the form pre-

sented by the respective Committees.

Written Discussions

12. Committees should endeavor to secure written discussions of pub-

lished reports. Written discussions will be transmitted to the respective

Committees, and if deemed desirable by the Committee, the discussions

will be published prior to the convention and be considered in connection

with the report.

Verbal Discussions

13. Each speaker's remarks will be submitted to him in writing before

publication in the Proceedings, for the correction of diction and errors of

reporting, but not for the elimination of remarks.

(d) Consideration of Committee Reports

Sequence

14. The sequence in which Committee reports will be considered by

the convention will be determined by the Board of Direction.

Method
15. The method of consideration of Committee reports will be one

of the following:

(a) Reading by title.

(b) Reading, discussing and acting upon each conclusion sepa-

rately.

(c) By majority vote, discussion will be had on each item.

Clauses not objected to when read will be considered as

voted upon and adopted.

Final Action

16. Action by the convention on Committee reports will be one of

the following, after discussion is closed

:

(a) Receiving as information.

(b) Receiving as a progress report.

(c) Adoption of a part complete in itself and referring remainder

back to Committee.

(d) Adoption as a whole.
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(e) Recommittal with or without instructions.

(f) Adoption as a whole.

(g) Recommendation to publish in the Manual.

Note.—An amendment which affects underlying principles, if adopted,

shall of itself constitute a recommittal of such part of the report as

the Committee considers affected.

The Chair will decline to entertain amendments which in his opinion

lie entirely within the duties of the editor.

(e) Publication by Technical Journals

The following rules will govern the releasing of matter for publica-

tion in technical journals:

Committee reports, requiring action by the Association at the annual

convention, will not be released until after presentation to the conven-

tion ; special articles, contributed by members and others, on which no

action by the Association is necessary, are to be released for publication

by the technical journals after issuance in the Bulletin; provided, appli-

cation therefor is made in writing and proper credit be given the Asso-

ciation, authors or Committees presenting such material.

GENERAL RULES FOR THE PUBLICATION OF THE "MANUAL"

Title

1. The title of the volume will be "Manual of the American Railway

Engineering Association."

2. The Board of Direction shall edit the Manual and shall have

authority to withhold from publication any matter which it shall consider

as not desirable to publish, or as not being in proper shape, or as not having

received proper study and consideration.

Adoption of Reports Not Binding

3. Matters adopted by the Association and subsequently published

in the Manual shall be considered in the direction of good practice, but

shall not be binding on the members.

Contents

4. The Manual will only include conclusions relating to definitions,

specifications and principles of practice as have been made the subject of

a special study by a Standing or Special Committee and embodied in a

Committee report, published not less than thirty days prior to the Annual

Convention, and submitted by the Committee to the Annual Convention,

and which, after due consideration and discussion, shall have been voted

on and formally adopted by the Association. Subjects which, in the opinion

of the Board of Direction, should be reviewed by the American Railway

Association, may be referred to that Association before being published

in the Manual.
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5. All conclusions included in the Manual must be in concise and

proper shajx; for publication, as the Manual will consist only of a summary
record of the definitions, specifications and principles of practice adopted

by the Association, with a brief reference to the published Proceedings

of the Association for the context of the Committee report and subsequent

discussion and the final action of the Association.

Revision

6. Any matter published in the Manual may be amended or with-

drawn by vote at any subsequent Annual Convention, provided such changes

are proposed in time for publication not less than thirty days prior to

the Annual Convention, and in the following manner: (a) Upon recom-

mendation of the Committee in charge of the subject; (b) upon recom-

mendation of the Board of Direction; (c) upon request of five members,

made to the Board of Direction.

7. The Manual will be revised either by publishing a new edition or

a supplemental pamphlet as promptly as possible after each Annual Con-

vention.
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PROCEEDINGS

The object of this Association is the advancement of knowledge pertaining to the

scientific and economic location, construction, operation and maintenance

of railways. Its action is not binding upon its members.

TUESDAY, MARCH 8, 1927

MORNING SESSION
The Twenty-Eighth Annual Convention of the American Railway Engi-

neering Association was called to order in the Red Lacquer Room of the

Palmer House, Chicago, Illinois, by President C. F. W. Felt, Chief Engi-

neer, Atchison, Topeka & Santa Fe Railway System.

The President:—The convention will please come to order.

This meeting is the Twenty-Eighth Annual Convention of the Amer-

ican Railway Engineering Association, and is also the annual session of

the Construction and Maintenance Section and of the Electrical Section of

the American Railway Association. These meetings being concurrent, they

are both now open for the transaction of business.

The privileges of the floor are extended to visiting officers of railroads

who are not members of the Association, and also to members of college

or university faculties who may be present.

The first order of business is the reading of the Minutes of the last

annual meeting. These Minutes have been published and furnished to all

concerned, so that if there are no objections the Minutes will be considered

approved.

The next order of buisness is the reading of the President's Address.

ADDRESS OF PRESIDENT C. F. W. FELT
Our Association has passed another year successfully, during which it

has carried on the previous work and made progress on additional matters.

As the Bulletins show, the Committees have again done a large amount

of work and substantially advanced their studies on the subjects assigned to

them.

The membership has increased from 2304 to 2511 as of March 1, 1927.

During the year, I regret to report that we have lost 31 members by

death, among these being William Hood (Charter Member), a leading

pioneer, especially in Pacific Coast railroad construction ; former President

W. H. Finley, of the Chicago & North Western ; President W. R. Scott,

of the Southern Pacific; President F. E. House, of the Duluth & Iron

Range; Vice-President G. A. Harwood, of the New York Central Lines;

and Dean Wm. G. Raymond, of the University of Iowa ; also Robert Bell

and S. B. Fisher, Charter Members.

A notable feature of the increased membership has been the very

large increase from the Missouri Pacific System, this having amounted

29



30 BusinessSession

to one hundred during the past two years. I congratulate those responsible

for this and trust that it will spur other organizations on to like activity.

The financial statement for the calendar year ending December 31, 1926,

shows an excess of disbursements over receipts of $1,871.52, but during the

year we have made an extraordinary expenditure for work on the General

Index, not yet issued, amounting to $2,019.89, and also $3500 for track work

plans, of which we have only sold about half; so considering these special

items, our financial statement is quite similar to those of recent years.

Even a casual review of the committee reports for the year must have

impressed you with the tremendous ingathering of things we know, but I

think the list of the things that we do not know is not less impressive. The
latter, however, is not an unhealthy condition. It tends to keep us some-

what humble and shows that we have not yet graduated—that we must still

be seekers of the truth and keep at work, and work is the panacea for most

of the ills that man, individually or collectively, is heir to.

Many points in these reports should be emphasized but I can only

comment on a few phases of subjects that have been very active with us

for many years. The first of these is "Rail." In addition to the very

important element of safety, this is also one of the largest items of main-

tenance expense. It still calls for much attention and the continuation of

the special research investigations. As indicated, the study of transverse

fissures is being carried on actively and the Rail Committee has initiated a

special investigation for the purpose of developing, if possible, a practical

device to detect transverse fissures in rail in track.

The work of the Committee on Stresses in Track has been of consider-

able benefit by showing how a redistribution of loading on the locomotive

axles would materially reduce the maximum stresses in the rail. The prompt-

ness with which the mechanical departments and locomotive manufacturers

recognized this in their locomotive design is a good case of teamwork among
all interested and is very commendable. The improved counterbalancing also

reduces the maximum stresses in the rail, and further lightening of the

stresses is claimed for the three-cylinder locomotives. Aside from the work

of the Rail Committee, much investigation is being done by individual com-

panies. A number are also making track tests of rail rolled under various

specifications, such as "hot top" ingots and the medium manganese. As
indicated, a high quality of rail is so important that a maximum of research

is warranted and all roads are urged to co-operate as fully as they may in

these investigations. It should also be noted with appreciation that the manu-

facturers' active interest in the investigations is increasing.

The report also illustrates a condition that should be considered in

connection with the suggestions that the convention should give the com-

mittee reports more discussion and consideration.

Reference is made to the Sub-Committee's report of 28 pages on "Bat-

tering." This Sub-Committee put out a questionnaire of 39 questions and

although the number answering was not large, the answers quite fully dis-

cuss many phases of the problem; and while there is considerable agreement
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as to the contributing causes and a remedy (temporary only, perhaps),

there is none as to how it may be prevented, with a wide diversity on a

number of the points involved, some of which will require further investiga-

tion. But if subjects for the decision of the convention are presented as

fully as this, and I think the committee reports each year are fuller, it is

obvious that not much further discussion is necessary.

A change bearing on this subject is the plan of having the committee

organization continuous, so that there will be a minimum of lost time fol-

lowing the close of the Association year, and this should result in the earlier

issuance of the Bulletins during the fall and winter months, so that the

members will have sufficient time to digest them before the convention.

Possibly our committees unintentionally are being formed too wholly of

"kindred spirits" and that a "contrary-minded" element should be added,

so that, where merited, a strong minority report would be forthcoming.

As the reports show, the Association is continuing special research work

on a number of subjects. All, especially the committee chairmen, are urged

to canvass their work for the purpose of finding any other subjects of

importance which they believe are worthy of special research work, and

bring them to the attention of the Board of Direction.

While proper design and construction are of prime importance, it is

also desirable to bring out clearly the economies that will result from the

adoption of improved methods. This is illustrated by the report of the

Committee on Wood Preservation, which includes service test records show-

ing average renewals over a five-year period of less than 120 ties per track

mile per year for three roads having a total mileage of about 7800 miles,

as against an average of 194 for twenty-five roads with a total mileage of

about 198,000. While it should be noted that this low rate of renewal may
not be the most economical for some of the roads, on the other hand it is

likely that further improvement in wood preservation methods will reduce

the low average thus far attained.

Incidentally, the reports show an improvement in prescribing tolerances

more definitely. Instead of the over-exact "perfect fit" and the indefinite

"workmanlike job" precise limits are given which are of much assistance to

all and especially to the inexperienced, and it is also important because it

tends to reduce inspection differences or disputes with the manufacturer

or builder.

The Illinois Central Railroad, after very extensive investigations and

studies, during the past year completed a notable improvement, at a very large

expenditure, in the electrification of its suburban service into this city. This

is particularly called to the attention of out-of-town members as they may
wish to take advantage of the inspection of this project scheduled for nine

o'clock Friday morning.

The attention of all members is particularly called to the exhibit of

the National Railway Appliances Association at the Coliseum, to which they

cordially invite you. That association has gone to considerable trouble and

expense in the gathering and installation of these exhibits and we can best
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express our appreciation of this by acceptiiiR their invitation, which will be

of much interest to you in connection with maintenance work.

The able and loyal services of the officers of the Association and of

the Chairmen and Vice-Chairmen of the committees and of the membership

of the committees are hereby acknowledged. The Association appreciates

this very much and thanks you most sincerely. I also wish to make special

mention and to expressly thank Secretary E. H. Fritch for the untiring

zeal and very able manner in which he has handled his work. I thank you,

gentlemen. (Applause.)

The President :—The next order of business is the reports of the

Secretary and of the Treasurer.

Secretary E. H. Fritch :—The reports of the Secretary and of the Treas-

urer, giving a summary of the activities of the Association during the past

year, have been printed and distributed prior to this meeting. It is hardly

necessary to read these reports, and they are therefore respectfully sub-

mitted for your approval.



REPORT OF THE SECRETARY

March 1, 1927.

To the Members:

The customary annual report on the activities of the Association for

the past year is presented in five parts, as follows:

(I) MAJOR ACTIVITIES
a Progress in Committee-Work
b Classification of Activities

c Co-operative Activities

d Personnel of Committees by Railways

e Contents of Committee Reports

(II) MEMBERSHIP
a Status of Membership
b Honorary Membership Conferred

c List of Roads Represented by Executives on Membership Rolls

d Classification of Membership
e Deceased Members
f Geographical Distribution of Membership

(III) PUBLICATIONS
a The Bulletin

b The Proceedings
c The Manual
d General Index of Proceedings

e Portfolio of Trackwork Plans
f Miscellaneous Publications

g Reprint of Report on "Impact Tests"

(IV) FINANCES
a Summary of Financial Statement

(V) MISCELLANEOUS
a Amendment to Constitution

b Transverse Fissure Detector Device
c Tests on Bearing Values of Large Rollers

Respectfully submitted,

Secretary.
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(I) MAJOR ACTIVITIES

Progress in Committee-Work

Substantial contributions to the scientific knowledge pertaining to rail-

way construction, maintenance and operation have been made during the

past year by the respective committees.

Committee-work has been carried on with that skill, earnestness and

thoroughness which are a distinguishing feature of the Association's activi-

ties.

The wide range and scope of the subjects dealt with are indicated in

Exhibit A.

Classification of Activities

The following table gives the classification of the subjects reported on

by the respective committees

:

Roadwav and Track Problems 31 per cent
•Structural Problems 25 per cent
Railway Economics IS per cent
Electrical Problems 15 per cent
Miscellaneous Problems 14 pdi rent

100 per cent

Co-Operative Activities

The co-operation of the Association has been requested by an increas-

ing number of other organizations on matters of mutual interest ; in turn,

we have invited the co-operation of various technical bodies in the study of

problems of joint concern.

The principal studies engaging the attention of committees with other

organizations are the following

:

Corrugated Metal Culverts for Railway Purposes.—The Commit-
tee on Roadway is co-operating with the Armco Culvert & Flume
Manufacturers' Association and the American Steel and Tin Plate

Company in the study of corrugated culverts from the standpoint of

strength, durability and economy. Tests have been made on the Illi-

nois Central Railroad at Farina, 111., and reported in last year's Pro-

ceedings. Readings are taken from time to time and the results will

be presented in later reports.

The Effect of Gas Welding Signal or Propulsion Bonds to Open-
Hearth Rail.—The Committee on Rail has had the benefit of a survey

made by the Ohio Brass Company on the effect of oxyacetylene weld-

ing of bond to rail, and from an analysis of the results the Committee

has reached the conclusion that, as far as standard open-hearth rail is

concerned, no detrimental effect results from gas welding signal or

propulsion bonds to the outside head of the rail, particularly within

the limits of joint bars.
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Simplification of Grading Rules and Classification of Timber and

Lumber for Railway Purposes.—The Committee on Wooden Bridges

and Trestles has continued its contact with the Standardization Confer-

ence on Lumber, fostered by the U. S. Department of Commerce. At a

meeting held during the year, the lumber industry adopted amendments

and additions to the Rules for Softwood Lumber. Consideration is

being given to the standardization of hardwood lumber, and it is ex-

pected that progress will be made in this branch of the industry. The
Committee has also co-operated with a committee of the American

Society for Testing Materials.

Specifications for Concrete and Reinforced Concrete.—As a result

of co-operation with the Joint Conference on Concrete and Reinforced

Concrete, the Committee on Masonry has presented a complete new
Specification for Concrete and Reinforced Concrete in its current report.

Specifications and Tests for Portland Cement.—The Committee on

Masonry has also co-operated with the American Society for Testing

Materials in the preparation of a new Specification for Portland Cement,

superseding the one in the present Manual.

Drinking Water Supplies and Sanitary Examination of Drinking

Water Supplies.—The Water Service Committee has had representation

on a Joint Committee, composed of members from the Engineering,

Mechanical and Operating Departments, and also of the U. S. Public

Health Service, on the above subject.

Specifications for the Manufacture and Installation of Two-Section

Knife-Edge Railway Track Scales.—The Committee on Yards and Ter-

minals, through its Scales Sub-Committee, has had the active co-opera-

tion of the U. S. Bureau of Standards, the Scale and Balance Manu-
facturers' Association, and the National Scale Men's Association in the

preparation of a Specification for the Manufacture and Installation of

Two-Section Knife-Edge Railway Track Scales. These specifications

are incorporated in the current report of the Committee on Yards and

Terminals.

Tests on the Bearing Value of Large Rollers.—For the past sev-

eral years the Committee on Iron and Steel Structures has conducted a

series of experiments for the purpose of obtaining data on which to

base the design of rolling bascule bridges. The tests were carried

on under the supervision of Prof. W. M. Wilson, at the University of

Illinois. Material has been contributed by the American Bridge Com-
pany and the Strobel Steel Construction Company; financial assistance

has been given by the American Railway Association to the extent of

$1500, and by the Scherzer Bascule Bridge Company of $350. A report

on the progress of the tests is given in the current report of the Com-
mittee on Iron and Steel Structures.

Specifications for Steel Railway Bridges.—A Joint Committee,

composed of representatives of the American Railway Engineering
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Association and of the American Society of Civil Engineers, during

the past year, has endeavored to reconcile conflicting clauses in the

respective specifications issued by the two organizations, with the view

to recommending a single specification for submission to the American

Engineering Standards Committee. Considerable progress has been

made, and it is expected that the Joint Committee's labors will be com-

pleted during the coming year.

Service Test Records.—The Committee on Wood Preservation is co-

operating with the Forest Products Laboratory and the American

Wood Preservers' Association in the compilation of service tests of

cross-ties. The statistics gathered by the Forest Products Laboratory

are published by this Association and simultaneously by the A. W. P. A.

Marine Piling Investigation.—The Committee on Wood Preser-

vation is continuing the study of marine piling protection against rav-

ages from teredo. A comprehensive report on the progress made in

this investigation appeared in Bulletin 290 for October, 1926. The
tests are being conducted under the auspices of the Chemical Warfare

Service of the U. S. War Department, and the results are published by

this Association.

National Electrical Safety Code,—The Committee on Electricity has

continued contact with the U. S. Bureau of Standards on the revision

of the National Electrical Safety Code.

American Engineering Standards Committee.—The Association

through its representatives, is co-operating with the American Engineer-

ing Standards Committee in the following projects:

(a

(b
(c

(d
(e

(f

(g
(h
(i

(J
(k

(1

(m
(n
(o

(P
(q
(r
(s
(t

(u
(v

(w
(x

(y
(z

Rating of Rivers.

Safety Code for Conveyors and Conveying Machinery.
Electrical Safety Code.
Colors for Traffic Signals.

Rails and Joint Plates for Seven- and Nine-Inch Girder
Grooved and Girder Guard Rails.

Special Material for Use in Manufacture of Trackwork.
Numbering of Steels.

Wood Poles.
Safety Code for the Protection of Heads and Eyes of Indus-
trial Workers.
Scientific and Engineering Symbols and Abbreviations.
Safety Code for Walkway Surfaces.

Pipe Flanges and Fittings.

Bolt, Nut and Rivet Proportions.
Welded and Seamless Steel Pipe.

Welded Wrought Iron Pipe.

Symbols for Electrical Equipment of Buildings.
Zinc Coating of Iron and Steel.

Steel Railway Bridges.
Structural Steel Shapes.
Method of Test for Unit Weight of Aggregate for Concrete.
Method of Test for Organic Impurities in Sands for Concrete.
Movable Railway Bridges.
Safety Code for Electrical Power Control.
Rating of Electrical Machinery.
Railway Cross-Ties.
Methods of Testing Wood.
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Electrolysis.—Representation on the American Committee on Elec-

trolysis has been maintained. During the past year there have been

no developments in this subject.

"Simplification" Problems.—Representatives of the Association have

co-operated with the Bureau of Simplification of the U. S. Department
of Commerce on a number of projects. The purpose of the Division

of Simplified Practice is to benefit industry by aiding in the reduction

of types, sizes, shapes, etc., of articles used in industry.

National Committee on Wood Utilization, U. S. Department of

Commerce.—The Association has been invited to be represented on the

newly formed National Committee on Wood Utilization of the U. S.

Department of Commerce. Three members of the Association, Messrs.

John Foley, G. F. Eberly and T. F. Laist, have been designated

to act as our representatives.

National Safety Council.—At the invitation of the National Safety

Council, President Felt designated Mr. E. R. Lewis, Principal Assistant

Engineer of the Michigan Central Railroad, to represent the Associa-

tion at the annual congress of that organization, held at Detroit, Mich.,

on October 25, 1926. Mr. Lewis' address before the Railroad Section

of the National Safety Council on that occasion appeared in Bulletin

290, October, 1926, entitled "Starting Points."

American Academy of Political and Social Science.—President

Felt delegated Mr. S. T. Wagner, Consulting Engineer, The Reading
Company, to represent the Association at the Congress of that organ-

ization held at Philadelphia, October 29th and 30th, 1926.

(II) MEMBERSHIP
The status of the membership is given in the following table:

Membership as of March 1, 1926 2304
Additions during the year 278

Losses by death 32
Resignations 37
Dropped from rolls 20 89

Net gain 189 189

Total membership as of March 1, 1927 2511

The addition of one hundred new members during the past two
years from the Missouri Pacific Railroad deserves special mention.

Credit for this gratifying increase is mainly due to the active interest

of Mr. A. A. Miller, Engineer Maintenance of Way of that company.

Honorary Membership

The Board of Directon has conferred Honorary Membership on

L. C. Fritch, Vice-President-Operation, Chicago, Rock Lsland & Pa-

cific Railway, for the valuable services Mr. Fritch rendered during the

formative period of the Association, and for acknowledged eminence
in railway engineering and management.
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During the past year we had tlie privilege of adding the names of

fourteen Railway Executives to the membership rolls.

The Executives of the following forty-seven railways now hold mem-
bership in the Association:

Lehigh Valley
Louisville & Nashville
Missouri Pacific
Montana, Wyoming & Southern
National Railways of Mexico
New York Central Lines
New York, New Haven & Hartford
Northern Pacific
Norfolk & Western
Peoria & Pekin Union
Pere Marquette
Reading
Richmond, Fredericksburg & Po-
tomac

Seaboard Air Line
St. I.«uis-San Francisco
Southern Pacific
Tennessee Central
Terminal Railroad Ass'n-St. Louis
Toledo Terminal
Union Pacific System
Wabash
Western Maryland
Western Pacific

Akron, Canton & Youngstown
Atchison, Topeka & Santa Fe
Atlanta, Birmingham & Atlantic
Augusta & Summerville
Canadian National
Canadian Pacific
Central of Georgia
Central of New Jersey
Chesapeake & Ohio
Chicago, Burlington & Quincy
Chicago Great Western
Chicago, Rock Island & Pacific
Chicago & Eastern Illinois
Colorado & Wyoming
Denver & Rio Grande Western
Delaware, Lackawanna & Western
Duluth, Missabe & Northern
Elgin, Joliet & Eastern
Eureka & Nevada
Great Northern
Huntingdon & Broad Top Mountain
Illinois Central
International Railways of Central
America

Jacksonville Terminal

Representing 185,171 miles of railroad.

Classification of Membership

The following table is a departmental classification of the membership:

General Officers 160

Includes Chairmen of Boards, Presidents, Directors, Vice-
Presidents, Assistants to Presidents, General Managers, As-
sistant General Managers

Conducting Transportation 100

Includes General and Assistant General Superintendents,
Division Superintendents, Trainmasters

Maintenance of Way and Structures 1712

Includes Chief Engineers, Chief Engineers of Maintenance
of Way, Engineers Maintenance of Way, Bridge Engineers,
Division Engineers, Signal Engineers, Assistant Engineers,
etc.

Maintenance of Equipment 21

Includes General Superintendents of Motive Power, and other
Mechanical Department Officers

Traffic Officers 4

Accounting Officers 9

Purchasing and Stores Department 3

Professors in Colleges 60

Miscellaneous 442

Includes Consulting and Civil Engineers, Engineers of Indus-
trial Corporations, Government and Municipal Engineers, etc.

Total 2511
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The loss by death during the year of thirty-two valued members

is recorded with deep regret. Among the deceased members are the

names of three Charter Members—Robert Bell, S. B. Fisher, and

William Hood.

V. S. Abkarian, Transitman, Erie Railroad.

F. B. Adams, Supervisor, Reading Company.

Victor Angerer, Vice-President, Wm. Wharton, Jr., & Co.

Robert Bell, formerly Special Agent (Retired), Pennsylvania Railroad

(Charter Member).

Hans Bentele, Consulting Engineer.

S. D. Cooper, Assistant Manager, Treating Plants, Atchison, Topeka &
Santa Fe Railway.

A. O. Cunningham, formerly Chief Engineer of the Wabash Railway.

J. F. S. Donnelly, Bridge Engineer, Cuba Railway.

D. W. Edwards, Civil Engineer.

G. H. B. English, Supervisor of Track, Pennsylvania Railroad.

W. H. FiNLEY, formerly President, Chicago & Northwestern Railway.

S. B. Fisher, Engineering Department, Missouri-Kansas-Texas Lines

(charter member).

XB. H. FowLE, Jr., Assistant Engineer, Virginian Railway.

W. S. Gibson, Civil Engineer.

H. F. Haag, Signal Engineer, Kansas City Southern Railway.

G. A. Harwood, Vice-President, New York Central Lines.

William Hood, Chief Engineer (Retired), Southern Pacific Company
(Charter Member).

F. E. House, President, Duluth & Iron Range Railroad.

J. E. Johnson, Division Engineer, Pere Marquette Railway.

Phelps Johnson, President, Dominion Bridge Company of Canada.

H. C. Knight, Civil Engineer.

J. B. Latimer, Signal Engineer, Chicago, Burlington & Quincy Railroad.

R. H. Page, Structural Engineer, Boston & Albany Railroad.

XD. E. Pendleton, Assistant Engineer, Chicago & Western Indiana Rail-

way.

C. D. Perkins, Assistant to Engineer Maintenance of Way, New York,
New Haven & Hartford Railroad.

X'C- ^^'• P- Ramsey, formerly Engineer of Construction, Canadian Pacific

Railway.

Wm. G. Raymond, Dean, College of Applied Science, University of

Iowa.

A. V. Redmond, District Engineer, Canadian National Railways.

R. B. Robinson, Engineer Maintenance of Way, Union Pacific Railroad.

W. L. Rohbock, Chief Engineer, Wheeling & Lake Erie Railroad.

W. R. Scott, President, Southern Pacific Lines in Texas and Louisiana.

Paul B. Tallman, Civil Engineer.

V In Military Service in World War.
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GEOGRAPHICAL DISTRIBUTION OF MEMBERSHIP
United States and Possessions

Alabama 8
Alaska 1

Arizona 4

Arkansas 43
California 70
Colorado 16

Connecticut 28
District of Columbia 27
Florida 29
Georgia 50
Hawaiian Islands 1

Idaho 8
Illinois 353
Indiana 44
Iowa 23
Kansas 63
Kentucky 40
Louisiana 19

Maine 10

Massachusetts 54
Missouri 205
Maryland 64
Michigan 59
Mississippi 17
Minnesota 67
Montana 12

Nebraska 29
New Jersey 42
New Hampshire 3
New Mexico 2

New York 220
North Carolina 18

North Dakota 4
Ohio 135

Oklahoma 19

Oregon 9
Pennsylvania 170

Philippine Islands 2

Porto Rico 1

Rhode Island 5

South Carolina 5

Texas 98
Tennessee 25

Utah 7

Vermont 9

Virginia 11
Washington 23

West Virginia 27

Wisconsin 14

Wyoming 4

2863

Other Countries

Canada 143

Japan 25
China 10

South America 14

Mexico 6
Cuba 7
India 4
Australia 5

Manchuria 3

Costa Rica 2
Korea 2
Egypt 1

Africa 5

Central America 1

Russia 2

Czecho-Slovakia 1

England 4

Ireland

Scotland
France
New Zealand
Poland
Serbia
Siam
Spanish Honduras
Sudan
Sweden
Turkey
Persia 2

248

2511
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(IV) PUBLICATIONS
The Bulletin

The usual ten numbers of the Bulletin were issued during the year.

In addition to the committee reports, the Bulletin also contained several

monographs, among them being the following:

"Economics of Railway Track," by James M. Farrin, Special Engineer,

Illinois Central Railroad.

"Starting Points," by E. R. Lewis, Principal Assistant Engineer, Mich-

igan Central Railroad.

"Passenger Terminals," by J. P. Snow, Consulting Engineer, Boston,

Mass.

"Marine Piling Investigation," by the Chemical Warfare Service.

The Proceedings

Volume 21, the annual Proceedings for the year 1926, aggregated

1465 printed pages. A copy has been furnished to each member, and a

considerable number were purchased by railway companies for dis-

tribution to officers not members of the Association.

The Manual

In view of the contemplated reprinting of the Manual during the

current year, the various committees have made careful examination

of their respective chapters and have incorporated in their reports ex-

tensive revisions and changes.

General Index of the Proceedings

The compilation of the references to the contents of the Proceed-

ings has been completed, with the exception of the current year's

volume. It is proposed to include the references to Volume 28 in the

issue of the General Index.

Portfolio of Track-work Plans

The one hundred and twenty-five plans for frogs, switches, cross-

ings, etc., prepared by the Committee on Track and adopted by the

Association, have been assembled and issued in portfolio form.

Miscellaneous Publications

A number of pamphlets, containing specifications, etc., have also

been issued during the year. The demand for the various specifications

adopted by the Association is constantly increasing, indicating a wider

appreciation of the Association's work.

Reprint of Report on "Impact Tests"

In 1907 and 1909, the Committee on Iron and Steel Structures made
a series of experiments on the eflfect of moving loads on steel railway

bridges, the results being published in a comprehensive report in Bulletin

125, July, 1910.

It is gratifying to note that the Railway Board of the Government of

India has considered this report of such value and importance that it has
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been reprinted in full as a government publication. The report aggregated

approximately 300 pages.

(V) FINANCES
Exhibit B is the Financial Statement, showing Receipts and Dis-

bursements during the calendar year ending December 31, 1926. The
following is a condensed summary of the exhibit:

Receipts $57,043.77
Disbursements 58,915.29

Excess of disbursements over receipts % 1,871.52

Extraordinary expenditures incurred on account of printing the

portfolio of Trackwork Plans and increased volume of other printed

matter as well as higher costs are the reasons for the difference of

disbursements over receipts.

(V) MISCELLANEOUS
Amendment to the Constitution

During the past year, a proposal to amend the Constitution in

regard to the nomination of candidates for Vice-President, was sub-

mitted to letter-ballot of the membership.

The proposed amendment requires the nomination of but one

candidate for the office of Vice-President, instead of two.

The result of the letter-ballot was 541 for the amendment, and

67 against.

More than two-thirds of the votes cast being in the affirmative,

the amendment carried, and will become effective immediately follow-

ing the annual convention. The Nominating Committee will therefore

place but one candidate in nomination for the office of Vice-President.

Transverse Fissure Detector in Steel Rails

The American Railway Association has appropriated two thousand

dollars for making laboratory experiments to determine the practica-

bility of a device for detecting transverse fissures in steel rails. The
experiments will be made under the auspices of the Rail Committee.

Tests on Bearing Values of Large Rollers

To enable the Committee on Iron and Steel Structures to complete

the experiments on the bearing value of large rollers on bascule bridges,

the American Railway Association has provided a fund of $1500 for

the purchase of necessary equipment. The apparatus has been installed

at the University of Illinois.

We are indebted to Mr. L. W. Baldwin, President of the Mis-

souri Pacific Railroad, for securing these two appropriations.
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Exhibit A

CONTENTS OF COMMITTEE REPORTS

Report of Committee on Roadway Bulletin 295

Revision of Manual
Corrugated Metal Culverts for Railroad Purposes
Unusual Methods of Handling Problems In Connection

with Slips, Slides and Water Pocketa
Deformations of the Roadbed
Drainage of Roadway in Yards and Main Lines Where

There Are Three or More Tracks
Permanent Roadbed

Report of Committee on Ballast Bulletin 291

Revision of Manual
Relative Value of Stone as Ballast from Various Quarries
Relative Value, from Standpoint of Effect on Operating

Expenses, of Various Kinds of Ballast
Shrinkage of Ballast
Cause of Pumping Joints

Report of Committee on Ties Bulletin 292

Service Records
Adherence to Specifications
Substitute Ties
Anti-Splitting Devices
Size of Holes for Pre-Boring
Renewal of Switch Ties Out of Face Versus Individually
Report on Conference with Federal Authorities Regarding

Annual Reports Made by Railroads Relating to Crosst
Ties

Revision of Manual

Report of Committee on Rail Bulletin 295
Revision of Manual
Mill Practice and Manufacture as They Affect Rail

Quality
Rail Failure Statistics for 1925
Transverse Fissures

Transverse Fissure Detecting Devices
Transverse Fissure Statistics

Cause and Prevention of Rail Battering
The Effect of Gas Welding Signal or Propulsion

Bonds to Open-Hearth Rail
Effect of Oxyacetylene Welding of Bond to Rail

—

Hardness Survey

Report of Committee on Track Bulletin 292
Revision of Manual
Curve Elevation
Detail Plans of Switches, Frogs, Crossings and Slip

Switches, Including Self-Guarded Frogs
Track Construction in Paved Streets
Specifications and Designs for Foundations Under Rail-

road Crossings; also, for Tie Spacing or Timbering
Under Crossings

Report of Committee on Buildings Bulletin 294
Revision of Manual
Steel Sash Versus Wood Sash for Railway Buildings
Plastic and Composition Floors for Railway Buildings
Permissible Grades for Ramps for Railway Buildings
Various Forms of Unit Construction for Railway

Buildings
Various Substitute Materials for Wooden Construction

of Railway Buildings, with Special Reference to
Economic Features

Structural Steel and Iron, Slate Roofing and Sheet Metal
Work

Specifications for Railway Buildings
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Report of Committee on Wooden Bridges and Trestles Bulletin 294

Revision of Manual
Grading Kules and Classification of Timber and Lumber

for Railway Uses
American Lumber Standards for Softwood Lumber
Standard Grades of Red Cedar Shingles
Softwood Factory and Shop Lumber
Grade Classifications for Softwood Shop Lumber
Structural Grades of Lumber and Timber and the Method

of Their Derivation
Specifications for Structural Joist, Plank, Beams, String-

ers, and Posts
Structural Grades and Reference Code
Coded Specifications for Structural Grades
Examples of Application of Code
Notes on Tables of Working Stresses
Working Stresses
Safe Loads for Wooden Columns
Classification of the Uses of Timber and Lumber Under

American Railway Engineering Association Speci-
fications

Simplification of Grading Rules and Classification of
Timber and Lumber for Railway Uses

The Value of Treated Timbers in Wooden Bridges and
Trestles

Best Methods of Maintaining at a Minimum, Consistent
with Economy, the Quality and Multiplicity of Sizes
of Lumber and Timber Carried in Railway Stock

Report of Committee on Masonry Bulletin 295

Revision Of Manual
Specifications for Concrete, Plain and Reinforced
Development in the Art of Making Concrete
Abrams-Harder Field Test for Organic Impurities in

Sands
Standard Specifications and Tests for Portland Cement

Report of Committee on Grade Crossing Design, Protection
and Elimination Bulletin 292

Revision of Manual
Methods of Apportioning the Cost of Highway Improve-

ments Adjacent and Parallel to Railroad Rlghts-of-
Way

The Value of Safety of Various Forms of Manual or
Power Operated Grade Crossing Protection as Against
Crossing Watchman Protection

Various Types of Mechanical and Power Operated Grade
Crossing Protection and Their Relative Merits, Col-
laborating with Committee X—Signals and Inter-
locking

Report on (a) Laws and Regulations Affecting the Ap-
portionment of Federal Aid; (b) the Proper Form and
Character of Division of Costs of Separation of
Grades as Between the Railway, State, County, Mu-
nicipal or Other Corporation

Report of Committee on Signals and Interlocking Bulletin 292
Automatic Train Control
Signaling

Report of Committee on Records and Accounts Bulletin 291

Progress on Assignments
Outline of Work for Ensuing Year

Report of Committee on Rules and Organization Bulletin 293
Manual of Rules for the Guidance of Employees of the

Malnteanance of Way and Structures Department
Rules for the Operation of Motor, Hand, Push and

Velocipede Cars
Rules for Inspection of Bridges, Trestles and Culverts
Buildings
Supervisors of Work Equipment
Rules for the Care of Motor Cars
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Report of Committee on Water Service Bulletin 292

Revision of Manual
Regulations of Federal and State Authorities Pertaining

to Drinking Water Supplies and Sanitary Examina-
tion of Drinking Water Supplies

Pitting and Corrosion of Boiler Tubes and Sheets, Taking
Into Consideration Character of Metal Used, Method
of Manufacture, Construction of Boilers and Quality
of Water

Cost of Impurities in Locomotive Water Supply and the
Value of Water Treatment

Heating Water Station Buildings and BVost Protection
for Water Facilities—Coliatrorating with Committee
VI—Buildings

Necessity for Providing Duplicate or Standby Pumping
Units

Economical Spacing of Water Stations in Connection
with Increasing Capacity of Engine Tenders

Report of Committee on Yards and Terminals Bulletin 294

Revision of Manual
Joint Operation of Passenger Terminals
Scales

Specifications for the Manufacture and Installa-
tion of Two-Section Knife-Edge Railway Track
Scales

Location, Maintenance, Operation and Testing of
Railway Track Scales

Specifications for the Manufacture and Installation
of Motor Truck, Built-in, Self-Contained and
Portable Scales for Railway Service

Freight Terminals
Mechanical Means for Controlling or Retarding the

Movement of Cars in Hump Yards
Suitable Profile for Hump Yards

Report of Committee on Iron and Steel Structures Bulletin 294

Revision of Manual
Specifications for the Waterproofing and Drainage of

Solid-Floor Railway Bridges
First and Second Interim Reports of the Bridge Sub-

Committee, Indian Railway Board, 1925, on "Impact"
and "Revision of the Bridge Rules"

Tests on the Bearing Value of Large Rollers

Report of Committee on Economics of Railway Location . . Bulletin 294

Revision of Manual
Economics of Railway Location as Affected by the Intro-

duction of Electric Locomotives
The Relative Merits of a 0.4 per cent Ruling Grade as

Compared with a 0.3 per cent Grade
Relative Merits of Increasing Tonnage by the Reduction

of Ruling Grades, or by the Introduction of More
Powerful Locomotives, Including Consideration of
Momentum Grades and the Availability of the Loco-
motive Booster

Report of Committee on Wood Preservation Bulletin 295

Revision of Manual
Service Test Records
Preservative Treatment of Trunking and Capping
Marine Piling Investigations
Preparation of Structural Material Before Treatment
The Effect of Steaming on Wood

Report of Committee on Uniform General Contract Forms . Bulletin 293
Revision of Manual
Form of Construction Contract for Particular Items of

Work
Form of Agreement for Furnishing Water from Railway

Water Systems to Employees and Others
Form of Agreement for the PurchaBe of Water
Form of Cost-Plus Contract
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Report of Committee on Electricity and of the Electrical

Section—American Railway Association Bulletin 291
Revision of Manual
Inductive Coordination
Water Power
Electrolysis
Cooperation with the U. S. Uureau of Standards
Overhead Transmission L.lne and Catenary Cortstruc-

tlon
Collaboration with Committee XVI—Economics of Rail-

way Location
Standardization of Adhesive and Rubber Tapes
Specifications for Rubber Insulating Tape
Standardization of Insulators
Clearances for Third Rail and Overhead Working Con-

ductors
Protection of Oil Sidings from Danger Due to Stray

Currents
Specifications for Track and Third Rail Bonds
Incandescent Lamp Standards—1926
Design of Indoor and Outdoor Substations
State Representatives and Alternates

Report of Committee on Economics of Railway Operation. Bulletin 293
Method of Increasing the Traffic Capacity of a Railway
Methods of Analyzing Costs for the Solution of Special

Problems, Including the Study of the Costs of Start-
ing and Stopping Trains

Methods of Operation by Which the Intensive Use of
Facilities May Be Secured

Develop Suitable Units for Costs of Operation and Equip-
ment Maintenance

Determine What Volume of Business and Service Con-
ditions in Any Given Yard Will Justify a Change
from Flat Switching Operations to the Hump Method

Questionnaire—Hump Yards
Study the Problem of Branch Line Operation as Affected

by the Introduction of Motor Trucks and Bus Lines

Report qf Committee on Economics of Railway Labor .... Bulletin 292
Exfent to Which It Is Practicable to Stabilize

Employment in the Maintenance of Way Department
In the Interest of Efficiency, and the Necessary
Measures Thereto

Economy in Use of Labor-Saving Devices
Methods of Maintaining Motor Cars

Report of Committee on Shops and Locomotive Terminals . Bulletin 291
Storehouses for Shops and Locomotive Terminals
Typical Layouts for Storage and Distribution of Fuel

Oil, Including Fuel Oil Stations Between Terminals
Firewall and Dike Protection for Oil Tanks
Roofs for Fuel Oil Storage Tanks

Report of Special Committee on Standardization Bulletin 291
The American Engineering Standards Committee
Its Official Organization
Standard Be Kept from Becoming Moribund
Accomplishments of the American Engineering Standards

Committee up to January 31, 1926
Relationship Between the American Railway Association—Division, IV, Engineering, Section I, Construction

and Maintenance Section, and the American Engi-
neering Standards Committee

Program for Performance
Policy of Procedure Concerning "Recommended Practices"
Engineering and Industrial Standards
Alphabetical List of Commodity Specifications
A Directory of Specifications

Report of Committee on Cooperative Relations with Univer-

sities Bulletin 295
Progress Report

Report of Committee on Stresses in Railroad Track Bulletin 295
Progress Report
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Exhibit B

FINANCIAL STATEMENT FOR CALENDAR YEAR ENDING
DECEMBER 31, 1926

Balance on hand January 1, 1926 $55,61472

RECEIPTS
Membership Account

Entrance Fees $ 2,240.00

Dues 23,189.13

Binding Proceedings and Manual 1,711.05

Badges 3.00

Sale of Publications
Proceedings 3,001.02

Bulletins 2,169.80

Manual 856.75

Specifications 830.00

Leaflets 218.75

Track Plans 1,879.25

Advertising
Publications 4,801.50

Interest Account
Investments 2,217.50

Bank Balance 184.65

Annual Meeting
Sale of Dinner Tickets 3,920.00

Miscellaneous 63.26

American Railway Association
Rail Investigations 9,758.11

Total $57,043.77

DISBURSEMENTS
Salaries $11,159.84
Proceedings 6,174.98

Bulletins 13,403.17

General Index 2,019.89

Track Plans 3,500.00

Stationery and Printing 2,079.18

Rents, Light, etc 845.00

Supplies 459.01

Expressage 705.87

Postage 1,396.53

Exchange 129.58

Committee Expenses 13.40

Officers' Expenses 103.88

Annual Meeting 7,020.37

Refund Dues, etc 24.50

Audit 150.00

Miscellaneous 291.51

American Railway Assn.—Rail Investigations 9,438.58

Total $58,915.29

Excess of Disbursements over Receipts $ 1,871.52

Balance on hand December 31, 1926 53,743.20

Consisting of:

Bonds at Cost $45,785.89
Cash in S. T. & S. Bank 7,932.31

Petty Cash Fund 25.00

$53,743.20
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STRESSES IN TRACK FUND
Balance on hand January 1, 1926 $ 2,109.66
Received from interest during 1926 59.18

Total $ 2,168.84
Paid out on Audited Vouchers during 1926 255.44

Balance of fund on hand December 31, 1926 $ 1.913.40

Respectfully submitted,

BOARD OF DIRECTION.

REPORT OF THE TREASURER
Balance on hand January 1, 1926 $55,614.72

Receipts during 1926 $57,043.77
Paid out on audited vouchers 58,915.29

Excess of Disbursements over Receipts 1,871.52
Balance on hand, December 31, 1926 $53,743.20

Consisting of:

Bonds at Cost $45,785.89
Cash in S. T. & S. Bank 7,932.31

Petty Cash Fund 25.00

$53,743.20

STRESSES IN TRACK FUND
Balance on hand January 1, 1926 $ 2,109.66
Received from interest during 1926 59.18

Total $ 2,168.84

Paid out on Audited Vouchers during 1926 255.44

Balance of fund on hand December 31, 1926 $ 1,913.40

The Securities listed above are in a safety deposit box of the

Standard Trust & Savings Bank, Chicago, Illinois.

Respectfully submitted,

GEO. H. BREMNER,
Treasurer,

I have made an audit of the accounts of the American Railway
Engineering Association for the year ending December 31, 1926, and

find them to be in accordance with the foregoing financial statements.

CHARLES CAMPBELL,
Auditor.
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GENERAL BALANCE SHEET

December 31, 1926
Assets

1926 1925

Due from Members $ 3,578.45 $ 2,691.28

Due from Sale of Publications 479.65 1,069.00

Due from Advertising 3,357.50 5,360.00

Due from A.R.A.—Rail Investigations. 670.45 992.73

Furniture and Fixtures (Co^t) 997.40 997.40

Gold Badges 55.00 57.50

Publications on hand (Estimated) 6,000.00 6,000.00

Manual 900.00 1,800.00

General Index 3,269.89 1,250.00

Extensometers 500.00 500.00

Investments (Cost) 45,785.89 45,785.89

Interest on Investments (Accrued) 301.47 301.47

Cash in Standard Trust & Savings Bank 7,932.31 9,803.83

Petty Cash Fund 25.00 25.00

Total $73,853.01 $76,634.10

Liabilities

Members' Dues paid in advance $ 7,487.43 $ 7,264.75

Impact Test Fund on Electrified Railways 285.46 285.46

Advertising paid in advance 20.00 5.00

Due for printing Bulletins 1,385.85 1,375.77

Surplus i 64,674.27 67,703.12

Total $73,853.01 $76,634.10
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Mr. D. J. Brumley:— I move the adoption of the Secretary-Treasurer's

report.

(The motion was carried.)

The President :—The next order of business is the reports of Standing

and Special Committees, the first being the Committee on Records and

Accounts. The report will be presented by the Chairman, Mr. J. H. Hande.
(For Report, see pp. 65-72)

The President:—The next order of business is the report of the Com-
mittee on Sliops and Locomotive Terminals. Mr. F. E. Morrow, the

Chairman, will please present the report.

(First Vice-President D. J. Brumley in the Chair.)

(For Report, see pp. 73-87)

(Past- President L. A. Downs in the Chair.)

Past-President Downs :—The next report is that of the Committee on

Ballast. Mr. J. G. Bloom, Chairman, will present the report to the Con-

vention.

(For Report, see pp. 89-92)

(First Vice-President D. J. Bruml«y in the Chair.)

Vice-President Brumley :—The Chairman will appoint the following

members as Tellers to canvass the votes cast for officers for the ensuing

year

:

E. H. Barnhart, Baltimore & Ohio.
F. W. Hillman, Chicago & Northwestern.
L. L. Parks, Chicago, Rock Island & Pacific.

I. B. Tanner, J. E. Nelson & Sons.
L. I. Stone, Canadian National Railways.
H. E. Silcox, Chesapeake & Ohio.
A. C. Irwin, Portland Cement Association.

The Secretary will turn over the ballots to the Tellers who will can-

vass the votes and be prepared to make a report at the close of the session

tomorrow afternoon.

The Board of Direction has authorized the report of the Committee

on Electricity to be presented by the Electrical Section. The Committee

on Electricity is now prepared to make its report, and in accordance with

that understanding the convention is now turned over to the Electrical

Section. Mr. Sidney Withington, Vice-Chairman, will conduct the session.

(For Report, see pp. 93-143)

Vice-President Brumley:—The report of the Committee on Standardiza-

tion is the next on the program. It will be presented by Mr. W. C. Cushing,

the Chairman.
(For Report, see pp. I4S-175)

AFTERNOON SESSION
(Past-President J. L. Campbell in the Chair.)

Past-President Campbell :—The report of the Track Committee will

be presented by Mr. J. V. Neubert, the Chairman.
(For Report, see pp. 177-188)
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Past-President Campbell :—The next Committee to report is that on

Ties. The report of the Committee will be presented by the Chairman, Mr.

W. J. Burton.
(For Report, see pp. 189-206)

Past-President Campbell :—The Committee on Signals and Interlock-

ing will please come forward. The report of the Committee will be presented

by the Chairman, Mr. F. B. Wiegand.
(For Report, see pp. 299-320)

WEDNESDAY, MARCH 9, 1927

MORNING SESSION
The President :—The first Committee to report this morning is that

on Water Service. Mr. C. R. Knowles, the Chairman, will present the report.

(For Report, see pp. 207-245)

The President :—The next Committee to report is that of the Com-
mittee on Grade Crossing Design, Protection and Elimination, Mr. T. E.

Rust, Chairman, presenting the report.

(For Report, see pp. 247-281)

The President :—The next Committee to report is the Committee on

Economics of Railway Labor, Mr. C. C. Cook, the Chairman, presenting the

report.

(For Report, see pp. 283-298)

(Second Vice-President W. D. Faucette in the Chair.)

Vice-President Faucette :—The next order of business is that of the

Committee on Economics of Railway Operation. Will the Committee

please come forward? Mr. J. M. Farrin, the Chairman, will please present

the report to the Convention.

For Report, see pp. 471-SS6)

Vice-President Faucette :—The next order of business is that of the

Committee on Economics of Railway Location. Mr. F. R. Layng, Chairman

of the Committee, will present the report.

(For Report, see pp. 785-837)

AFTERNOON SESSION
(First Vice-President D. J. Brumley in the Chair.)

Vice-President Brumley:—The next report is that of the Committee

on Iron and Steel Structures. The members of that Committee will please

come forward. The report will be presented by the Chairman, Mr. B. R.

Leffler.

(For Report, see pp. 715-783)

Vice-President Brumley :—The report of the Rail Committee will be

presented by Mr. Earl Stimson, the (Thairman of the Committee.
(For Report, see pp. 915-1052)

Vice-President Brumley :—You may be interested in the report of the

Tellers on the balloting for officers for the ensuing year. If you will wait

just a moment, the Secretary will read the result of the election.

Secretary E. H. Fritch :—The report of the Tellers is as follows :
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REPORT OF THE TELLERS
To the American Railway Engineering Association:

We, the Committee of Tellers, report the following as the result of the

count of ballots

:

For President:

D. J. Brumley 1249

J. S. McBriae 1

For Vice-President:

Louis Yager 662
W. P. Wiltsee 642

For Treasurer:

George H. Bremner 1262

For Secretary:

E. H. Fritch 1280

For Directors (three to be elected):

J. de N. Macomb 685

J. V. Neubert 633
A. Montzheimer 497

W. J. Backes 482
H, von Schrenk 449

O. E. Selby 395
F. R. Layng 276

C. H. Stein 268

W. M. Post 254

For Members of the Nominating Committee (five to be elected):

J. E. Armstrong 947
Frank Ringer 761

C. R. Knowles 745

W. J. Burton 695

O. F. Dalstrom 664
H. E. Hale 631

W. A. Clark 512

C. M. McVay 484

S. T. Wagner 462

H. H. Richardson 8

R. C. Bardwell 2
F. O. Condon 1

Respectfully submitted,

E. H. Bamhart, Chairman;
F. W. Hillman,
L. L. Parks,
I. B. Tanner,

_' L. I. Stone,

H. E. Silcox,

A. C. Irwin,
'

Tellers.

Vice-President Brumley :—The Committee on Rules and Organization

will please come to the platform. The report will be presented to the Con-

vention by the Chairman, Mr. W. C. Barrett.

(For Report, see pp. 411-435)
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THURSDAY, MARCH 10, 1927

MORNING SESSION

(First Vice-President D. J. Brumley in the Chair.)

Vice-President Brumley:—The first Committee to report this morning

is that on Yards and Terminals. The report will be presented by the Chair-

man, Mr. J. R. W. Ambrose.
(For Report, see pp. 557-657)

Vice-President Brumley:—The next report is that of the Buildings Com-
mittee. In the absence of the Chairman, the report will be presented by

the Vice-Chairman, Mr. F. R. Judd.
(For Report, see pp. 659-713)

Vice-President Brumley:—The report of the Committee on Wooden
Bridges and Trestles will be presented by the Chairman, Mr. W. E. Hawley.

(For Report, see pp. 321-409)

Vice-President Brumley:—The next order of business is that of the

report of the Committee on Wood Preservation. Mr. C. F. Ford, \'^ice-Chair-

man of the Committee, will present the report.

(For Report, see pp. 1113-1186)

Vice-President Brumley:—The Committee on Uniform General Con-

tract Forms will please come to the platform. The report will be presented

by the Chairman, Mr. J. C. Irwin.

(For Report, see pp. 437-469)

W. D. Faucette (Seaboard Air Line) :— I am going to speak just a

few minutes on a very dry subject and it will probably be very disinteresting,

but it is thought of sufficient -importance to post you in regard to what is

going on in connection with the matter of the metric system. I am sorry

there are not more here, but I wish you would carry the message to them.

There exists today an American Institute of Weights and Measures.

That institute has as its object the promotion of wise legislation for the

improvement of the English units of weights and measures and involves

changes to those standards. The American Institute of Weights and

Measures has in its functioning a Council, and I think it wise to give

you the benefit of the representation on its Council. The President is

Mr. Walter Renton Ingalls, with whom some of you may be acquainted.

Mr. Ingalls is Consulting Mining Engineer and is Past-President of the Min-

ing and Metallurgical Society of America.

The Council consists of representatives from the following bodies:

(jeorge M. Bond,
Specialist in Precision Measurement.

H. N. Covell,

Works Manager, Virginia Alberene Corp.
A. R. Erskine,

President, Studebaker Corp.

J. B. Ennis,

Vice-President, American Locomotive Co.

Edward B. Craft,

Executive Vice-President, Bell Telephone Laboratory, Inc.
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Robert H. Irons,

President, Central Iron & Steel Co.,

Past- President, Association of American Steel Manufacturers.
II. J. Horn,

Jolin RocblinR's Sons Co.
Alex C. Humphreys,

President, Stevens Institute of Technology,
Past President, American Society of Mechanical Engineers.

D. H. Kelly,

Vice-President, U. S. Lij^ht & Heat Corp.
Walter M. McFarland,

Manapfer, Marine Department Babcock & Wilcox Co.,

Past-President, Society of Naval Arch. & Marine Engineering.

C. R. D. Meier,
President, Heine Boiler Co.

Worcester R. Warner,
Vice-President, Warner & Swasey Co.,

Past-President, American Society Mechanical Engineers.
F. W. Lovejoy,

Vice-President, Eastman Kodak Co.
Henry R. Gilson,

Technical Assistant to President, U. S. Rubber Co.
Fred A. Geier,

President, Cincinnati Milling Machine Co.
Edwin M. Herr,

President, Westinghouse Electric & Mfg. Co.
Past- President, American Mfrs. Export Association,

Walter Renton Ingalls,

Consulting Mining Engineer,
Past-President, Mining & Metallurgical Society of America.

Henry M. Leland,

Past-President, Society of Automotive Engineers.
Henry D. Sharpe,

Treasurer, Brown & Sharpe Mfg. Co.
W. de S. Trenholra,

Secretary, Retail Dry Goods Association of New York.

And a representative of the American Railway Association (W. D.
Faucette).

My object in mentioning those names was to show you the widespread

interest with which this matter has come recently to the front. These names

may have had a slight change since this was published. The American

Railway Association has a member on that Council (W. D. Faucette, at

present).

There has been in Congress for a number of years, and more re-

cently, a bill presented in connection for the use of the metric system as

the legal system of weights and measures. It appears that probably the

proponents of that bill would have it mandatory after a period of years.

The American Railway Association in 1920 parsed this resolution

:

"Resolved, That the American Railway Association hereby ratifies the

action taken by the Engineering and Mechanical Divisions in opposition to

the adoption of the metric system of weights and measures to the exclusion

of the English and American system at present in general use, and desires

to express its hearty approval of the effort which is now being conducted
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to combat the propaganda being waged throughout the country, urging the

enactment of legislation whereby the metric system would lie made the

sole standard of weights and measures."

This Association in March, 1920, passed the following resolution: "The

American Railway Engineering Association in convention assembled ex-

presses its opposition to the adoption of the metric system of weights and

measures to the exclusion of the English system and American system at

present in general use."

Those of you who do not follow this up may be surprised to know there

is constantly recurring advocacy and proponents for the universal adoption

of the metric system. It crops out every little while in the magazines and

papers and recently there was a bill in Congress, in the Senate, in connection

with this matter, on which there was a hearing. We have had representa-

tives from this Association acting in conjunction with this work, and I

might mention the name of Mr. Leighty of the Southern and Mr. Wiltsee

of the Norfolk & Western and others who have furnished considerable

data and done fine work. Recently there was a hearing, and my last direct

information was from Mr. Aishton, President of the American Railway As-

sociation, who wrote to me in January, and I read in part as follows : "It

would seem to me this matter is in pretty good shape for this session of

Congress, but we should not relax in our watchfulness and preparation

to meet the issue whenever it shows up again."

I have just recited this to you as a matter of information. It is need-

less to say that if this should ever become mandatory, its action and reaction

on the business in which we are engaged would be so far-reacliing it would

be difficult to understand how we would appropriate it without a school of

education for all of our employees, to say nothing of the enormous amount

of work to change from one system to another.

I do not think that the matter is imminent, but I thought it proper,

and so did the other officers of this Association, to simply state wh^t I have

as a matter of information, and looking to this end in view, that you might

apprise yourself of what it means if it should be mandatory in your work,

that we do assume you concur in the action of this Association, you could

state to the proponents in your own way the manifold objections to such a

thing from our own viewpoint ; thirdly, that you would counteract any local

efforts that might be put forth to make this metric system mandatory in

this country.

This Association has gone on record as being in opposition to it and

until it changes its viewpoint, its representative will continue to be in opposi-

tion to it. It is hardly necessary to go into the question of what it means,

if you consider the question of maintenance in all departments—electrical,

purchasing, mechanical and engineering, if you consider what it would mean

if it took twenty years. I just would like to get this into your knowledge,

while I am representing the American Railway Association, of course, I

have a dual capacity in that I am a member of this Association, and we

thought it wise that you be notified thereof. (Applause.)
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AFTERNOON SESSION
(First Vice-President D. J. Brumley in the Chair.)

Vice-President Brumley:—The report of the Masonry Committee will

be presented by the Chairman, Mr. C. C. Westfall.
(For Report, see pp. 1053-1111)

Vice-President Brumley :—Mr. Fritch wishes to present a matter to

the Association now.

Secretary E. H. Fritch :—Mr. President and Gentlemen : We are about

to lose from the Board of Direction a member who has been of very great

service to the Association during the past eleven years. He has been a

tower of strength in the councils of the Board, and has served with dis-

tinction in the various positions he has held while a member of the Board.

Mr. L. A. Downs will retire from the Board, due to the expiration of

term of office, at the close of this convention. I therefore desire to offer

the following resolution:

"Resolved, By the American Railway Engineering Association, in Con-

vention assembled, that we record our appreciation of the distinguished

services rendered by Mr. L. A. Downs in the interests of the Association

during his long connection with the Board of Direction."

Mr. Downs, as a mark of the esteem and regard in which you are held

by the members of the Association, I take pleasure in presenting this medal-

lion to you. (Applause.)

Mr. L. A. Downs (Illinois Central) :—Mr. President and Mr. Fritch.

I think that to any young man who has made up his mind to be an Engineer

and then elects to go into railroad engineering, it is the greatest compliment

that could have been paid to him to be the President of this Association, and

I think it was the proudest moment of my life when I was elected Presi-

dent of this Association. It was something that I will always remember

and if my work has been such as to have had these resolutions passed and

also to be presented with this medallion, I want you to know that I am
truly thankful. (Applause.)

(Past- President Hunter McDonald in the Chair.)

Past-President McDonald :—The next order of business is that of the

report on Roadway. The report will be presented by the Chairman, Mr.

J. C. Wrenshall.
(For Report, see pp. 839-914)

Past-President McDonald:—The report of the Committee on Co-opera-

tive Relations with Universities will bo presented by the Chairman, Mr.

R. H. Ford.
(For Report, see pp. 1187-1189)

Past-President McDonald :—The next order of business is that of the

report on Stresses in Railroad Track. Professor A. N. Talbot, the Chair-

man, will please present the report.

(For Report, see page 1190)
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(President Felt in the Chair.)

The President :—The next order of business is "New Business." Has
anyone anything to offer under that heading?

Mr, L. A. Downs (IMinois Central) :—In the interest of orderly pro-

cedure of our Association, of which I am a strong advocate, I rise to make

a motion. The opening day of our meeting we had a Committee, the Com-
mittee on Records and Accounts, that left their usual work for the year and

came forward with a new plan of procedure for the Association. I believe

any member of this Association has a perfect right at any time, in an orderly

way, to make suggestions for the betterment of the Association, and I

think that any group of men, as was done in this case, even though they

were out of order in doing so, should be given some consideration. I

therefore wish to make a motion that the Board of Direction give con-

sideration to the suggestions that this Committee made.

(The motion was seconded, put to a vote and carried unanimously.)

Prof. A. N. Talbot (University of Illinois) :—I have a resolution I

would like to present.

"Resolved, That the members of the American Railway Engineering

Association, in convention assembled, desire to place on record their hearty

appreciation of the capable manner in which this convention has been pre-

sided over by Mr. C. F. W. Felt, and for the efficient administration of the

affairs of the Association during his occupancy of the Presidential chair.

"Resolved, That this resolution be spread upon the minutes of the meet-

ing, and a suitably engrossed copy presented to Mr. Felt."

Mr. President, I move the adoption of this resolution.

Vice-President W. D. Faucette :—Gentlemen of the Association, you

have heard the motion. Is there a second?

(The resolution was seconded, put to a vote and carried unanimously.)

Vice-President W. D. Faucette:—Mr. Chairman, in behalf of the

Association and for proper action by the body, I would like to offer this

resolution

:

"Resolved, By the American Railway Engineering Association, in con-

vention assembled, that its appreciative thanks are hereby extended to the

National Railway Appliances Association for the interesting and instruc-

tive exhibit of railway devices and appliances

;

"To the Union Switch & Signal Company and the General Railway

Signal Company for the display of the motion pitcures of car retarders

;

"To the Universal Portland Cement Company and the Illinois Steel

Company for the use of busses to Buffington

;

"To Mrs. Gertrude B. Cummings and Mr. Juan Muller for the effi-

cient manner in which the convention was handled and courtesies extended

by the management of the Palmer House."

(The resolution was seconded, put to a vote and carried unanimously.)

Mr. W. P. Wiltsee (Norfolk & Western) :—I also have a resolution:

"Resolved, By the American Railway Engineering Association, in con-

vention assembled, that its appreciative thanks are hereby extended to the
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Chairman, \'icc-Chairnicn and members of the several committees, for their

labors during the past year and for the valuable reports presented to this

meeting
;

"To the technical press and WMAQ Broadcasting Station for broad-

casting the addresses at the A.R.K.A. annual dinner on the evening of

March ninth, and for the many courtesies extended during the year and

during the convention

;

"To the Illinois Central Railroad Company for the excellent inspection

trip provided for the members, showing the car retarders in operation and

other courtesies extended

;

"To the Santa Fe Railway System for their courtesy in showing the

track recorder devices."

(The motion was seconded, put to a vote and carried unanimously.)

Mr. Louis Yager (Northern Pacific) :—I would like to present another

resolution

:

"Resolved, By the American Railway Engineering Association, in con-

vention assembled, that its thanks are hereby tendered to the Honorable

Samuel E. Winslow, W. G'. Bierd, Esq., and the Reverend Stuart C.

Parker, B.D., for their excellent and instructive addresses at the annual

dinner on the evening of March 9."

I move the adoption of the resolution.

(The motion was seconded, put to a vote and carried unanimously.)

The President:—The Secretary will again announce the result of the

election of officers for the ensuing year.

Secretary E. H. Fritch:—The result of the election of officers is as

follows

:

President—D. J. Brumley.

First Vice-President—W. D. Faucette.

Second Vice-President—Louis Yager.

Treasurer—George H. Bremner.

Secretary—E. H. Fritch.

Directors—J. deN. Macomb, A. Alontzhcimcr, J. V. Neubert.

Nominating Committee—J. E. Armstrong, W. J. Burton, Frank Ringer,

C. R. Knowles, O. F. Dalstrom.

The President:—If there is no further business we will proceed with

the installation of the officers. Past-Presidents McDonald and Wendt will

please escort the President-Elect to the platform.

The President :—Mr. Brumley, in handing you this symbol of the office

of the Presidency, I wish to assure you that you will have the loyal support

of the niembership and all of its officers, and I wish that your administra-

tion may be a most successful one. (Applause.)

President-Elect D. J. Brumley :—During the sessions of this convention

I have obtained an entirely different viewpoint of what the American Rail-

way Engineering Association means. I have been in contact with not less

than thirteen Past-Presidents, and I gather from what they have said that
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they consider the American Railway Engineering Association a post-

graduate school in Railway Engineering.

You have heard some of these Past- Presidents express their views in

that the Presidency of this Association is one of the most lofty and exalted

positions that can come to a Railway Engineer.

I sincerely thank the members of the American Railway Engineering

Association for considering me a nomineee for the Presidency, and I thank

you from the bottom of my heart that you have considered me worthy of

conducting the affairs of this Association for the ensuing year. I am quite

sure that this cannot be done by myself alone. It will require the co-

operation of the other 2510 members of the Association to carry the work

of the year through to the same successful conclusion that has marked

the convention just ending. It depends upon the Board of Direction, the

members of the working committees and the members of the Association

who may not be attached to a working committee. I am quite sure that

this ensuing year should show the same increase in membership, the same

increase in quality of work done by the Association that has characterized

the years just passed.

I again thank you. gentlemen, for the great honor you have con-

ferred upon me by electing me President of the Association. (Applause.)

If there is no further business to come before the convention at this

time, the twenty-eiglith annual convention of the American Railway Engi-

neering Association stands adjourned.

(The tu'cnty-niiUli annual convention of the American Raihvay Engi-

neering Association ivill be Iteld at the Palmer House, Chicago, March 6,

7, and 8, 1928.)

^. JV ^7%^jz:i^.^^
Secretary.
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EXPLANATORY NOTE

The subjects assigned the Committee on Records and Accounts for

study and report to the Twenty-eighth Annual Convention were as

follows:

1. Revision of the Manual.

2. Continue the study and report on methods and forms
for gathering and recording data for keeping up to date the
physical and valuation records of the property of railways.

3. Continue the study of methods for recording and
accounting for the determination of proper allowances for

Maintenance of Way expenses due to increased use and in-

creased investment, collaborating with Committee XXI—
Economics of Railway Operation.

4. Continue study of daily and monthly time and material
reports.

5. Continue study of revision of I. C. C. Classification of

Accounts.

6. Study and outline methods for reducing the number
and the simplification of forms used in the Engineering and
Maintenance of Way Departments.

7. Study and report on use made of aerial surveys and
results obtained.

8. Outline of work for ensuing year.

In lieu of reports on above subjects, the Committee presented a

monograph involving changes in the Association's procedure.

A point of order having been raised by a member of the Association,

the Presiding Officer ruled that the report submitted was not in con-

formity with the assignments of the Board of Direction, and therefore

out of order.

The proposals made by the Committee on Records and Accounts,

being a function of management, were by resolution of the convention

referred to the Board of Direction for consideration.

D. J. Brumley,

President.
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REPORT OF COMMITTEE XI—RECORDS
AND ACCOUNTS

J. H. Hande, Chairman; ' G. R. Walsh, Vice-Clwirman;
E. G. Allen, W. J. Kelly,
F. J. Bishop, R. E. Kennedy,
A. M. Blanchard, C. A. Knowles,
L. H. Bond, Henry Lehn,
Carl Bucholtz, J. R. Leighty,
R. R. L. Bullard, H. T. Livingston,
W. H. Bcrrage, E. W. Metcalf,
E. S. Butler, R. E. Patterson,
H. C. Crowell, H. J. Sargent,
E. B. Crane, H. F. Sharpley,
C. C. Haire, C. K. Smith,
H. E. Hale, James Stephenson,
W. A. Hill, V. R. Walling,
F. W. HiLLMAN, Joseph Weidel,
F. C. Kane, H. R. Westcott,

Committee.

To the American Raihvay Engineering Association:

Your Committee this year departs from its usual program, and defers

presenting reports on regular assigned subjects in order to ask j'our exclu-

sive consideration of what it has to recommend under the assignment:

"Outline of Work for the Ensuing Year."

It presents as information

:

(1) Brief statement of progress made on its assignments

1 to 7, inclusive (Appendix A).

It presents for discussion and your approval

:

(2) Outline of work for the ensuing year (Appendix B).

Action Recommended

That the conclusions in Appendix B be approved.

Recommendations for Future Work

1. Continue study and report on methods and forms for gathering

and recording data for keeping up to date the physical and valuation

records of the property of railways.

2. Continue the study of methods for recording and accounting for

the determination of proper allowances for Maintenance of Way expenses

due to increased use and increased investment, collaborating with Com-
mittee XXI—Economics of Railway Operation.

3. Continue the study of maintenance foreman's reports with the

accounting and statistical report procedure in the maintenance department

de\'eloped therefrom.

4. Continue study and report on use made of aerial surveys and results

obtained.

5. Study and report on methods and forms for developing the depre-

ciation properly chargeable to Operating Expenses under Section 20 of the

Interstate Commerce Act and the Interstate Commerce Commission's

Order of November 2, 1926.

6. Outline of work for ensuing year.

Respectfully submitted,

The Committee on Records and Accounts,

J. H. Hande, Chairman.

Bulletin 291, November, 1926.
A
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Appendix A

(1) BRIEF STATEMENT OF PROGRESS MADE ON ITS
ASSIGNMENTS 1 TO 7, INCLUSIVE

Work during this year has progressed in a normal manner, and we
have ample material for some very interesting reports. Committee XI,

however, has some matters of interest to bring to the attention of the

Association, and has deliberately chosen to "shelve" all its regular reports

this year in order that your attention may be concentrated on the matters

set out in Appendix B.

In order that you may be informed as to what we are doing on our

regular assignments, we outline to you briefly the progress in each.

(a) Revision of the Manual

This involves the editing of copy for the proposed new Manual. What
we have to say on this work is an integral part of the matter in Appendix B.

(b) Continue Study and Report on Methods and Forms for Gathering

and Recording Data for Keeping Up to Date the Physical and

Valuation Records of the Property of Railways

The Sub-Committee, under C. C. Haire, has a great deal of interest-

ing matter ready to report. This is deferred pending your decision on

the issues raised in our Appendix B.

(c) Continue the Study of Methods for Recording and Accounting for

the Determination of Proper Allowances for Maintenance of

Way Expenses Due to Increased Use and Increased Investment,

Collaborating with Committee XXI—Economics of Railway

Operation

H. J. Sargent's Sub-Committee is also deferring its report.

(d) Continue Study of Daily and Monthly Time and Material Reports

F. W. Hillman's Sub-Committee is continuing the study of material

reports in the schedule of Maintenance of Way forms set up by this Com-

mittee last year. Its report is also deferred.

(e) Continue Study of Revision of I.C.C. Classification of Accounts

You are doubtless all familiar with the progress made by the Inter-

state Commerce Commission in revising the Accounting Classifications.

Committee XI as a whole spent an entire week during May, 1926, in

critically examining the Commission's "March, 1926, Draft" of its pro-

posed Road and Equipment Classification.

Since then committees of the Railway Accounting Oftkers Associa-

tion have been negotiating with the Commission's representatives, first

offering their conception of what such a revised Classification should be,

and later offering their suggestions on the Commission's proposed draft.

The R.A.O.A. is the organization officially designated to deal with

the Commission on matters relating to the accounts. It is under no obliga-



Records and Accounts 67

tion to give formal consideration to the recommendations of any section

of the American Railway Association, since that organization has not

established an official and recognized basis of co-operation. In the absence

of such established co-operative relations, it is futile for this Committee

to continue simply an academic discussion of the classifications.

(f) Study and Outline Methods for Reducing the Number and the

Simplification of Forms Used in Engineering and Maintenance of

Way Departments

The reassignment of this subject gives an implication that this Com-

mittee is grinding out forms without any objective. Under the plan sug-

gested in Appendix B we have established such an objective, and this

subject automatically becomes one of the guiding principles of our work

without necessity for setting it up as a special assignment. This subject

should be dropped as a special assignment.

(g) Study and Report on Use Made of Aerial Surveys and Results

Obtained

This Sub-Committee, under G. R. Walsh, has gathered a mass of mate-

rial, but defers its first report until next year.

Appendix B

(2) OUTLINE OF WORK FOR ENSUING YEAR

Committee XI this year has found itself faced with conditions that

made it seem advisable to pause in the consideration of its regular assign-

ments, and give some thought to whether or not committee-work is being

conducted in an up-to-date and efficient manner.

The Committee is asked to rearrange the material in its section of the

1921 Manual, and the supplements thereto, preparatory to the issuance of

a new Manual. This reopens the question of whether the system now in

effect of publishing that material in substantially its present condition is

a satisfactory procedure. We have concluded that it is not.

We are agreed that it was the proper procedure to so compile the

data gathered during the past 25 years. However, we have now reached

the stage and have enough material at hand to warrant our arranging it

with relation to the needs of each branch of a typical engineering organi-

zation, and with due consideration and cross-reference to its relation to

the work of other committees. Consideration should also be given to

issuance of the Manual in an annual edition or some other method of

keeping it up to date.

This brings us to the (juestion of whether in the future our Committee

shall consider and report on assignments which are selected more or less

casually, or whether it should undertake to chart such a typical organiza-

tion and lay out a program of subjects for future consideration aimed at
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providing ail of the records and accounting systems required by such a

typical organization. The planning of our future course of work and the

building of a satisfactory section of our forthcoming Manual are thus

intimately connected.

A casual inspection of our section of the Manual confirms the impres-

sion that it is not comprehensive. It cannot be made comprehensive unless

we adopt a definite schedule of operations. The various sections of our

engineering organizations—construction, maintenance, valuation and account-

ing—have certain definite needs in the way of records, forms, and methods

of procedure, which we should undertake to supply in a comprehensive

fashion. Developments in recent years of Federal accounting regulation and

valuation requirements make this necessary to an extent not contemplated

by those laying out our procedure 25 years ago.

Back of our idea of bringing this matter before the Association is

one outstanding fact—the task of making the consideration of "Records

and Accounts" interesting to practical railroad men is a very difficult one.

To those who are dealing every day with the intensely practical angles

of railroad engineering administration, the development in detail of forms

and records and the outlining of accounting and reporting procedures, is

not an attractive subject.

We are convinced that it can be made interesting and attractive. To
be that it must deal with the entire subject in so comprehensive a fashion

that the most practical of our colleagues cannot take exception to our

method of treating the subject.

Our Committee considers it of first importance at this time that a

new spirit be injected into our work, not only as concerns the attitude of

our ovm Cormnittee members to the work at hand, but in the attitude of

the Association toward the Committee's work. To that end it has two

definite conclusions and recommendations to make.

In view of the importance of getting real consideration of these recom-

mendations, the Committee has decided to take the radical step of reserving

its reports on its regular assignments this year, and asking for your con-

sideration of these two recommendations.

In view of their vital importance to the Association, and since if

introduced verbally as new business there is no way of getting before

the Association in writing prior to the convention the arguments in their

support, Committee XI offers its section of the Bulletin as the medium for

presenting this subject.

The Committee first suggests that the modernizing of the Manual re-

quires more than the mere republishing of the matter embodied in the present

Manual and supplements thereto. It believes that the task of editing the

matter for the new Manual is a larger one than should be assigned to the

part-time efforts of the committees. It recommends that the work of

evolving a new and comprehensive Manual be undertaken by a staff of

paid full-time experts at headquarters.



Records and Accounts 69

The second recommendation has to do with the manner in which the

convention deals with the reports of the committees. As far as w'ork ivithin

Committee XI is concerned, if we have outlined a typical railway engineer-

ing organization and can see that our committee-work is aimed at sup-

plying the practical needs of each branch of that organization insofar as

records and accounts are concerned, there is no question that Committee

XI's work will be on a practical basis, and we w'ill know where we are

headed. With that knowledge will come a new interest and sense of obliga-

tion to fill that need.

Committees are handicapped, however, by the casual and indifferent

manner in which reports are received. There is no apparent interest, no

discussion, and no controversy. Certainly no group of men, such as make

up our committees, is infallible. That committee reports are accepted by

the convention without comment signifies an utter lack of something.

We are not enunciating anything new. The situation has been clear

for some time. It was presented forcefully in an editorial appearing in

the Railway Age of October 9, 1926, which we take the liberty of quoting

in full:

"HOW CAN THE A.R.E.A. BE MADE MORE VALUABLE?

" 'To see ourselves as others see us' affords a prospect which, while
not altogether pleasing, comprises a perspective that frequently discloses

defects which have not been brought to light previously. The American
Railway Engineering Association has been afforded such an opportunity in

the form of observations made by an Oriental visitor at the last con-

vention, which were published by the 'Oriental Engineer' and have been

reprinted in the Association's Bulletin No. 287. The significant statement

in these observations is as follows :
'

. . . constructive criticism was rela-

tively slight. A vast amount of varied information was included in the

reports presented, but much of it was simply accepted without remark.'

"While the same criticism has been offered previously, the fact that
it comes from one with a detached point of view lends greater emphasis
to it. However, the observer might well have appended to his remarks
a statement of the obvious reason for the condition which he criticizes,

namely, the crowded program of the convention. It is the very success

of the Association, the whole-hearted interest and enthusiasm of its mem-
bers and the efforts of the Board of Direction to meet their demands for

active participation in the work, which have given rise to the objectionable

conditions cited.

"Increase in the membership and in the attendance at conventions,

increase in the personnel of committees and the conduct of committee work
by sub-committees, have all been potent factors in the development of

congested programs. The presentation of each report, even if restricted

to a bare outline of its contents, takes a considerable part of the time

which can be allotted to the committee during the course of the convention
sessions. Moreover, the situation is one of long standing. In fact, it has

prevailed for so many years that a considerable proportion of the mem-
bership has accepted it without question. This attitude of mind is mani-
fested by a tendency toward a too-ready acceptance of committee reports

in toto, frequently expressed in an ill-concealed resentment of protracted

or persistent discussion or criticism of committee reports, with the result

that nearly all motions offered for the amendment of reports are lost.
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"This is not a healthy condition. It clothes the standing committees
with powers not presumed l)y the spirit of the Constitution, and reduces
the deliberations at conventions to a fraction of the importance they should
have in tlie work of the Association.

"The Raihvay /i</e is a firm believer in the A.R.E.A. It has rcpeat-

otlly iKiinted to tliis Association as almost a model. It Ix-Iicves tiiat the
A.R.E.A. has been of unusual value to the railroads of the United States
and Canada and that it will continue to render valuable service. There
is, however, a definite need for some alteration of the convention program
or convention procedure which will afford means for a freer and fuller

discussion of committee reports. Various suggestions have been made to

this end, such as the lengthening of the convention to four days, a sub-
division into sectional meetings, the presentation of individual committee
reports in alternate years, etc. It is realized that all of these plans have
their disadvantages and furthermore that any plan of procedure which has
been marked with success in the past should be changed only after mature
consideration. Nevertheless, the problem is one that cannot be ignored
and with the approach of the time when definite plans for the next con-
vention must be drawn, it should be attacked with renewed vigor."

The closing sentence of this editorial voices the sentiment of this

Committee. Something must be done.

On August 1, 1925, President Fairbairn sent a questionnaire to chair-

men of committees, asking for opinions regarding ten suggested methods

of increasing discussion and interest in reports at the convention. These

warrant your consideration, and are next quoted

:

"(1) To arrange for discussion by former members of a particular

committee; to organize beforehand an oflficial opposition.

"(2) To designate certain floor leaders, whose function would be to

point out controversial features in reports.

"(3) To hold sectional meetings, and to bring the net results before
the general meeting for approval.

"(4) To discuss and accept reports at one meeting and to hold in

abeyance final approval until a subsequent meeting.
"(5) To extend the time of the convention for an additional day.

"(6) To limit the presentation of reports to one and not to extend three

subjects.

"(7) To urge members to prepare discussions, cither verbal or written.

"(8) That chairmen and vice-chairmen, in presenting reports, omit
making extended quotations, and to conserve time by making a brief intro-

ductory statement, outlining the points on which discussion is desired.

"(9) To encourage minority reports.

"(10) That committees study a subject at least twO' years before mak-
ing a report thereon, progress reports to be made annually, if considered

desirable and informative."

We recommend the adoption of Method 3 : "To hold sectional meet-

ings, and to bring the net results before the general meeting for approval"

as the best method of encouraging discussion and interest in reports at

the general convention.

It is possible that wc cannot all be agreed that the holding of sectional

meetings is the best solution. Many are convinced that such a change

would introduce conditions a great deal more objectionable than those it
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was intended to correct. A review of the various factors involved should

dispel that idea. •

The Railzvay Age editorial previously quoted is eminently correct in

saying that the lack of discussion and acceptance of committee reports

without remark is due to the growth of the organization and the crowded

program of the convention.

The pressure of limited time discourages discussion, and the very size

of the audience is intimidating to many who have excellent ideas but hesi-

tate to speak up in so large a gathering. Both the committees presenting

reports and those on the floor interested in the subject being presented are

alw^ays conscious of the presence of those specializing in other branches

of work who are most patently bored by the proceedings and are simply

waiting for the presentation of their pet subject.

Knowing as we do the manner of development of committee reports,

a casual acceptance of them by the convention cannot help but lessen our

appreciation of such reports as being representative of the ideas of the

entire organization. If a possible 25 per cent of the convention is directly

interested in any subject but hesitates to speak up, the work of a small

committee and oftentimes of a single sub-committee chairman goes into

the record with the full weight of the Association behind it. Such a con-

dition is not healthy, and has a reaction on the frame of mind of the com-

mittees themselves.

Some of the more conservative cannot see any necessity for intro-

ducing controversy into Association meetings. They advance the idea that

the members are there to be entertained and instructed on the various phases

of railroad engineering work. If that is the purpose, then many of us

have an entirely erroneous idea of our functions in sweating out committee

reports.

The condition now complained of did not always exist. In the past

there has been plenty of "spirited discussion and controversy. That en-

thusiasm must be recaptured if our organization is to maintain its pre-

eminent position. The element of controversy which is essential in making

a book or play successful, is just as necessary as an evidence of life in

an organization.

We advance the proposition that the holding of sectional meetings is

a solution of every phase of this problem.

The pressure of time limit will be relieved. Each committee can have

several hours instead of a fraction of an hour. The assembling in a separate

meeting of that portion of our membership really interested in a subject

will give a tremendous Ixjost to interest in producing reimrts of the highest

standard.

The atmosphere in a smaller meeting room will be a great deal more

congenial, and the tongues of our hesitating members should loosen up

materially. We will get their ideas and suggestions, and our final output

will be a great deal more representative of the combined opinion of that

section of our membership really qualified to express their opinion.



72 Records and Accounts

Other organizations, such as the American Society of Civil Engineers

and the American Society for Testing Materials have found the cure for

conditions arising from their growth in numbers by dividing up into tech-

nical divisions.

The objection may be raised that the holding of several sectional meet-

ings simultaneously may cause this or that member to miss participating

in the discussion of a subject in which he is interested due to two or more

of such subjects being on the program at the same time. It is believed

that in actual practice this objection can be discounted. Such conflict can

be overcome by an appropriate grouping of the committees into sections

in accordance with their similarity of interest to different groups.

This, then, is our brief for sectional meetings, whether the change

thereto is an accomplished fact by the time our convention is held or not.

If so accomplished, this is an expression of our confidence in that system;

if not yet accomplished, the discussion and determination of our future

action is up to you.

Conclusions

1. That the editing of our Manual and its annual revisions be per-

formed by a staff of paid experts.

2. That the revival of interest, both in committee and at the con-

ventions is vitally essential, and to that end the changing of our convention

procedure to that of holding sectional meetings and bringing the net results

before the general meeting for approval is the best means of accomplishing

3uch revival.



REPORT OF COMMITTEE XXIII—SHOPS AND
LOCOMOTIVE TERMINALS

F.E.Morrow, Chairman; A. T. Hawk, Vice-Chairman;
C. I. Anderson, H. M. Lull,
A. L. Atwill, R. a. Marshall,
C. N. Bainbridge, J. S. McBride,
Leland Clapper, J. M. Metcalf,
N. Corey, G. A. Noren,
J. W. Dansey, D. a. Porter,
K. B. Duncan, V. B. W. Poulsen,
R.J.Hammond, W. A. Radspinner,
Geo. W. Hand, J. W. Raitt,
G. W. Harris, L. K. Sillcox,

J. L. Haugh, John Schofield,
L. P. Kimball, B. S. Voorhees,
W. H. Kirkbride, H. W. Williams,
W. T. Krausch, a. M. Zabriskie,
H. C. Lx)RENz, Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

1. Storehouses for Shops and Locomotive Terminals,

collaborating with Committee VI—Buildings (Ap-

pendix "A").

2. Typical Layouts for Storage and Distribution of Fuel

Oil, including Fuel Oil Stations between Terminals

(Appendix "B").

Action Recommended

1. That the conclusions in Appendix "A," relating to Storehouses for

Shops and Locomotive Terminals, be approved for publication in the Manual.

2. That Conclusion No. 7, now appearing in the Manual, relating to

Typical Layouts for Storage and Distribution of Fuel Oil, including Fuel

Oil Stations between Terminals, be amplified by the addition recommended

in Appendix "B."

Recommendations for Future Work

That the outline of work for 1926 be continued.

Respectfully submitted.

The Committee on Shops and Locomotive Terminals,

F. fi. Morrow, Chairman.

Bulletin 291, November, 1926.

7i
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Appendix A

(1) STOREHOUSES FOR SHOPS AND LOCOMOTIVE
TERMINALS

A. T. Hawk, Chairman, Sub-Committee; A. L. Atwill, C. N. Bainbridge,

J. W. Dansey, J. L. Haugh, W. T. Krausch, R. A. Marshall, D. A.

Porter, J. W. Raitt.

Last year the Committee submitted a progress report for the purpose

of eliciting discussion and suggestions; as a result of which the Committee

now offers a number of conclusions which are recommended for adoption

and publication in the Manual.

Conclusions

General

1. The Committee assignment is limited to "Storehouses for Shops

and Locomotive Terminals." In practice very often the storehouse for these

facilities is combined with the System District or Division Storehouse, and

even when this is not the case the storehouse may serve several shop and

terminal facilities. In view of these conditions only the most general re-

quirements can be given, as the size and location will be governed by the

services required.

2. The subject of storehouses is taken to isclude not only the store-

house proper but all auxiliary facilities consisting of sub-storehouses, oil

storage, material platforms, paint stores, lumber storage yard and sheds,

material racks, sheds for coal, coke, charcoal, fire brick, locomotive arch

brick, storage for generating of oxygen and acetylene, scrap dock and recla-

mation sheds, etc. Sub-storehouses for shops and terminals are not necessary

where the store delivery is in operation.

Location

3. The location of storehouses and their auxiliary facilities, switching

tracks, etc., must be given due consideration by all departments concerned,

giving full consideration to loading and unloading of cars, switching, deliv-

ery of material to users, the possibility of future expansion, the type and

extent of roadway and equipment to be used in handling material.

Tracks and Roadways

4. Track facilities should be provided for the receipt of incoming

materials, for the loading out of material, for distribution to other points

and shipment of scrap.

5. Paved roadways should connect the storehouse with public high-

ways and all parts of the shops and terminal served by the storehouse.

These roadways should not only be provided to serve in the distribution

of materials but should also provide easy access for fire apparatus, including

sufficient space at hydrants for manipulating e(iuipment.

These roadways should be 18 ft. in width leading to all fire hydrants,

should never be blocked and should have signs properly posted ; in all cases

quick access should be provided for the City Fire Department.
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Construcrion

6. Storehouses wherever possible should be one-story and all should

be built of fireproof construction, except perhaps the small auxiliary build-

ings. Metal buildings may be used for the small auxiliary buildings where

fireproofing is of importance, but the difficulty of heating this type must

be considered.

Interior columns should be avoided in one-story buildings. In buildings

of more than one story care should be taken that posts and racks are so

spaced, to provide maximum storage, with least interference.

MAIN STOREHOUSE
Arrangement

7. The primary consideration is the economical handling of material.

The arrangement should be such as to insure ample natural light, the con-

venient handling, checking and inventorying of materials, and ease of super-

vision. In order to reduce cost of construction, storehouse floor and plat-

form may be placed on practically the track or ground level with raised

platform and ramp for unloading to and from cars. Racks should be so

located that the handling of materials w^ill be reduced to a minimum and

so that there will be no dark pockets for the accumulation of rubbish, etc.

Main aisles of ample width should be provided to allow for the handling

of material by motor truck.

Arteingement of Racks

8. The most general practice is to place the racks transverse to the

house, thus permitting natural light from side windows to illuminate the

aisles and racks. Some railroads place the racks longitudinal to the house

to permit freer observation of the force. On the other hand, this arrange-

ment requires more artificial lighting and more floor space.

In larger storehouses arrangement of racks, etc., should be such that

electric tractors and trailers may be used in handling heavy material from

one part of the store building to another.

The relative location of racks and windows may have a material bearing

on the possibilities for fighting fires. Fire brigades frequently cannot enter

a burning building but must direct hose stream through windows from

outside.

Number of Stories

9. .\ one-story house possesses advantages for easy and short truck-

ing but where very large floor area is required a two or three-story building

is more suitable. The question of multiple stories should also be dependent

upon the availability ajid value of ground space. Where more than one-

story is used the upper floors are used for offices (at one end), slow moving
and light materials and for an assembling place for work requiring the

holding of material until it is assembled for a complete job.
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Floor Loading

10. Upper floors should be designed for a live load of not less than

250 lb. per square foot. The first floor, if built over a basement, should

be designed for a minimum live load of not less than 400 lb. per square foot.

Elevators

11. In multi-story buildings, elevators of at least four tons capacity

should be provided. For larger houses one elevator should be provided

for each 20,000 square feet of floor area served. These elevators shoiild

be of sufficient size and capacity to handle an electric truck and trailer.

The self -leveling type of automatic elevator with push button control is

desirable. Floor openings act as flues to promote draught during a fire and

should, therefore, be thoroughly enclosed. Entrance doors must be normally

closed or be provided with fusible links to assure that they will close during

a fire.

Ramps

12. Instead of elevators, ramps inside of building to accommodate

electric trucks have in some instances been found more efficient.

Chutes, Conveyors, Etc.

13. Package chutes from upper floors to the lower floor are very

convenient in the larger sized stores and should be located near the elevator.

In some cases a dumb waiter will answer the same purpose as the chute.

Portable conveyor systems are very handy for handling and piling material

that has only to be handled a short distance, and should be part of the

equipment of the larger sized storehouses.

Lighting

14. Electric lighting should be provided, with the lamps over the aisles

and plug outlets at ends of the racks. The circuits should be arranged

and controlled so that only the lights actually needed would be turned on.

Ventilation

15. Ventilation should be given careful study, and the main storage

part of storehouse, as well as the oflfice portion, should be well ventilated

so that working conditions will be as near perfect as possible. Much of

the material stored, especially electrical material, rubber goods, hose, pack-

ing, etc., should be kept where it is dry and the heat and ventilation should

be arranged accordingly for it.

Heating

16. Heating should be provided for the ofiice portion and also for the

stock and workroom sections, the latter at a less temperature than the

former. Storerooms should be heated so that it is comfortable for the

laborers to work in any part of it without wearing clothing that hampers

them in their work. A temperature of 72 degrees for the office section

and 60 degrees for the storeroom sections is recommended. If reducing

valves are necessary on high pressure lines they should be of such type and

so located as to be free from possibilities of tampering.
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Office

17. The office should be of sufficient size to accommodate the help,

allowing a minimum of 64 square feet for each clerk, together with space

for files and separate office for Storekeeper and in some cases for a

Genera] Foreman, and where desirable to consolidate forces, to also share

office space with Master Mechanic, the medical organization and others.

In one-story buildings the office should be at the end of the storehouse.

Where there is a scarcity of floor space available it may be desirable in

a one-story building to place the office portion on the second floor, in

which event the end wall of this second story section facing the roof of

the one-story part should be constructed either without windows or if

with windows these should be fire resisting. In buildings of two' or more

stories the office should be at the end of the second floor. If so placed,

a fire wall should be erected to effectually serve as a cut-off between the

two sections of the building.

Toilet Facilities

18. Toilet facilities are usually regulated by governmental require-

ments but in any event adequate toilet and wash room facilities should be

made for both office force and for storehouse laborers. Where women
are employed rest room should also be provided.

Racks

19. Open type of racks, either wood or steel or other fireproof mate-

rial, with adjustable shelves, adapts itself better to the unit piling of

material, and is recommended. Racks with one or two offsets are in com-

mon use, with base approximately 5 feet wide in case of one offset and

approximately 6 feet wide in case of two, the upper section of case being

usually about 3 feet wide, the offset affording a step to easily reach the

upper shelf, which in all cases should be in plain view of man standing on

offset. Metal racks without offset will afford closer spacing and are more
flexible, and as they reduce the amount of combustible material, materially

reduce the fire hazard. They should be of such height that the upper shelf

is in full view from man standing on the floor. In no case should racks

be contemplated requiring the use of a ladder to reach the upper shelf.

Platforms

20. Concrete platforms should be provided on track side along the

entire length of storehouses and where motor trucks with trailer trucks

are used they should be equipped with rubber tires, and a 14-foot wide plat-

form is recommended. All platforms should have ramps at the ends.

Fire Protection

21. An adequate interior automatic sprinkler system should be pro-

vided, if warranted, the next choice for inside the building, water pipe

lines, with hydrants and hose reels. A sufficient number of fire hydrants

with hose cart protection should also be installed outside the building.

Regulation fire extinguishers should be distributed through the store build-

ings in accessible and plainly marked locations. Fire alarm boxes, where
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warranted, should be located at convenient points both within and without

the stores. The location of all hydrants, hose reels, extinguishers, alarm

boxes, etc., should be where they can be plainly seen in daytime, and woll

illuminated at night by electric lights.

YARD CRANES

22. Casting platform at large shops should have an overhead traveling

crane the entire length of tlie casting platform. This crane should also

a)ver the track or tracks serving the platform, so as to reduce to a minimum

the handling of the castings from car to platform to a minimum. At small

terminals locomotive crane or other self-propelled type may be u.sed for

this purpose.

CASTING STORAGE

Iron, Racks, Pipe Racks, Etc.

23. Local conditions will govern the location. They should, however,

be located so as to reduce the handling from the car to storage ajid from

storage to where they are used, to a minimum. Castings and other heavy

bulky material should be stored on open platforms and at large shops

under traveling crane. Where sheet iron is stored, all sheets larger than

No. 10 may be stored outside except where climatic conditions prevent.

These should be stored on edge in racks made of steel posts with the

bottom ends embedded in concrete piers, unless they are to be handled b>'

magnet and crane, then they should be stored flat.

If ground space permits tank and fire box steel should be stored adjacent

to shop that will use the material. These racks will then be provided with

overhead mono-rail that would economically handle the material into the

shop.

Platforms should be designed for a live load of not less than 800 lb.

per square foot.

OIL HOUSE
Location

24. The oil house, with tracks and switching facilities, should be at

one end of and separated from the storehouse and preferably located at a

distance of not less than 50 feet. Oil storage should be in the basement

and the fire floor used for delivery counter, pumps, oil drums, waste and

similar material. Oil tank and piping in the basement should be painted

white, to lighten up the basement and to readily show any leak that may

occur.

For small stores, oil may be stored in a basement under one end of

the storehouse with counter pumps, oil drums ajid waste on the first floor.

The oil house portion should be separated from the storehouse by a fire

wall.

Construction

25. Oil houses should be built of fire resistive materials, including

.steel sash and wire glass with self-closing device on fusible links. Tanks

of sufficient capacity should be provided in the basement except for gasoline
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and other high flash oils, which should be located outside with the tanks

placed underground. Fuel oil storage tanks should be located outside and

may be buried or placed above ground as local conditions warrant. Suitable

provision should be provided in the building construction to provide for

removal of any tank in the basement.

Pumps

26. Self-measuring pumps are recommended for handling the oil that

is stored in basement of oil house. These should be located on the first

floor of the oil house. There arc on the market a number of the enclosed

pumps that are very economical and efficient. In no case should pitcher

pumps or a pump that leaks oil around the pistons or delivery spout be

used.

For the outside tanks and where volume of oils stored justifies for

the oil stored in basement consideration should be given to the handling

from tank to delivery counter by air. In such cases, small auxiliary reser-

voirs should be placed directly in front of the large tanks, the oil being

fed into these small reservoirs by gravity through a check valve, thus

preventing the application of air to the large tank.

Waste

27. Sufficient space should be provided in the oil house for storage of

waste, but preferably separated from the oil room by fire-resistive partitions

in which openings are protected by automatic self-closing fire doors. Pro-

vision should be made so that broken packages and loose waste be kept

in metal boxes with weighted covers held in open position with a fusible

chain which will close cover in case of fire.

Where it is necessary to maintain mixing vats in oil house and the

machinery for reclaiming grease, a separate room should be provided for

this purpose; entrance from adjacent room should be protected by automatic

fire doors. If of an extent, separate building should be provided.

Fire Protection

28. An ample supply of foam extinguishers must be maintained for

fire protection. Vapor-proof lamps controlled by an outside switch should

be used. A barrage steam system should be installed with the added pro-

tection of sand in barrels and pails, the latter principally for small fires.

PAINT STORES
Location

29. Wherever possible, this building should be part of the oil house,

and where not possible, a fireproof building should be provided, located

conveniently to paint shop. The shelving bins in the paint house should be

of steel or other non-combustible material. Where the paint store Is a part

of the oil house it should be separated from the oil storage portion with

a fire wall in which are no openings.
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LUMBER SHED
Location

30. These should be located in the material yard with sufficient

tracks so that switching and handling may be reduced to the minimum.

Construction

31. These may be of frame construction and of sufficient size to

keep protected all inside finished lumber. These sheds are usually built

enclosed on three sides with one side partly open, this side being next to

the track where the lumlx:r is received in cars, and this npen side should be

sufficiently high so as not to interfere with the handling of the lumber

between the car and the stacked lumber inside of the building.

In order to protect the lumber stored on the open side of shed, the

roof is either given a wide projection or the top side skirted down to the

line of the top of lumber piles. Lumber should be piled off of the ground

and it is sometimes found a good practice to store lumber piles on second-

hand rails supported by small concrete piers about 12 or 18 inches above

the ground. The sides and rear of the shed are usually made of one inch

boards with an inch space between them to allow for ventilation. This

siding should not extend below the top of piers.

SCRAP YARD FACILITIES

32. Ample space should be provided for handy unloading, sorting and

classifying of scrap so as to obtain the greatest possible classification of

the various grades and corresponding advantage of price in the sale thereof.

Scrap yard and reclamation plant should be so located as to necessitate the

minimum possible handling and trucking of material between these two

units of a storehouse.

MISCELLANEOUS

33. Torpedoes and fuses should be stored preferably in main building

in a place segregated from regular storehouse material, with adequate pro-

vision for excluding moisture and for fire proofing the compartment.

34. Coal, Coke, Charcoal Bin or Sheds should be located and so

constructed as to permit of unloading direct from car and close to place

where the material is to be used. At large storehouses these units of the

facility should allow for unloading of these materials from cars to shed

or bins by clam shell or crane.

35. Oxygen and Acetylene should be stored in a separate building of

light frame work construction, located not less than 50 ft. from main

building.

36. Fire Brick and Fire Clay Locomotive Arch Brick should be

stored in weather tight sheds as close to place where material is to be used

as possible.
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Appendix B

(2) TYPICAL LAYOUTS FOR STORAGE AND DISTRIBU-
TION OF FUEL OIL, INCLUDING FUEL OIL STATIONS
BETWEEN TERMINALS

J. M. Metcalf, Chairman, Sub-Committee; C. N. Bainbridge, K. B. Duncan,

G. W. Hand, G. W. Harris, W. H. Kirkbride, H. M. Lull, F. E.

Morrow.

In view of developments and studies relating to dike protection around

oil storage tanks, the Committee continued its study. Different views had

also been expressed as to the desirable roof construction for oil storage

tanks.

The Committee presents as information a discussion of each of these

items by a member of this Committee.

Conclusion

It is recommended that there be added to Conclusion No. 7, relating

to dike construction around storage tanks, now appearing in the Manual,

the following sentence

:

"Where a special type of construction is used designed to minimize

splashing and wave action, the capacity within the dike may be reduced."

FIREWALL AND DIKE PROTECTION FOR OIL TANKS

By W. H. Kirkbride

The following discussion of firewall and dike protection for oil tanks
is largely based upon facts developed in the following publications

:

"Safe Oil Storage," Standard Oil Company., December 4, 1924.

"Records of Oil Tank Fires," Am. Pet. Inst., April, 1925.

Further reference is made to recent oil tank fires, briefly reviewed as
follows, in so far as they pertain to the present subject:

Fire at Monterey, Calif., September 14, 1924.

The oil storage involved in this fire consisted of 9 tanks of the Asso-
ciated Oil Company, aggregating a capacity of 349,000 barrels, and 5 small

tanks of the Standard Oil Company, aggregating 3,000 barrels. One 7,500
barrel gasolene tank of the Associated Company was protected by a concrete
wall IS feet high. None of the other tanks had dike protection. All of
these facilities were located within an area about 700 feet square immediately
adjacent to Monterey Bay, the ground sloping toward the shore.

The fire was caused by lightning striking a 55,000 barrel crude oil

tank of the Associated Company located on the upper hillside. About 6^
hours later the tank boiled over, setting fire to adjacent tanks, which in

turn boiled over, causing a general conflagration. The burning oil spread

out over an area about 1500 feet long and 700 feet wide adjacent to the

shore, and flowed out several hundred yards on the water. A majority of

the property within this area and all the tanks, except that surrounded by
the concrete wall mentioned above, was destroyed. The property de-

stroyed included residences, warehouses, industrial buildings, over 1400
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feet of main line track and 2500 feet of spur track. Railroad service was
interrupted three days until reconstruction was completed. Two men
engaged in fighting the fire were caught in one of the boilovcrs and burned
to death. The property loss was estimated at over $1,000,000.

Fire at Ponca City, Okla., December 19, 1924.

This fire, as reported in the National Fire Protection Association quar-
terly for April, 1925, occurred in the tank farm of the Marland Refining

Company. All tlie tanks involved were steel, gas-tight and vented, with

capacity of 80,000 barrels each and each protected by a standard earth dike

9 feet high.

The origin of the fire is attributed to the collapse of one of the tanks

and subsequent ignition of the liberated oil. The burning oil from this

tank not only overtopped the enclosing dike but also the dikes of several

adjacent tanks, these being located from 450 feet to 700 feet from the

tank in which failure occurred. A second tank was destroyed ; but, while

the gas burned at the vents of other tanks, they successfully resisted the

burning oil which surrounded them.

Fire at Coalinga, Calif., August 10, 1925.

This fire was caused by lightning striking a 750,000 barrel crude oil

reservoir of the Shell Oil Co. The reservoir was constructed of earth

embankments lined with concrete. The oil boiled over about 7 hours after

the fire started and twice again within the next 3 hours. In each of the

3 boilovers the burning oil overtopped the surrounding dikes, running several

hundred yards in all directions, and about a mile down a nearby canyon.

SUMMARY
1. The two published reports mentioned above develop the fact that

from the standpoint of dike protection oils may be divided into two
classifications

:

(a) Refined or "light" oils.

(b) Crude and Fuel or "heavy" oils.

"Light" oils usually burn completely within their own containers,

whereas "heavy" oils are subject to the "boil-over" hazard. Out of an
estimated total of 50,000 steel-roofed refined oil tanks in service in the

last 10 years only 152 fires were reported. Of these the dikes of only 8
were called upon to prevent the spread of fire, and these were all effective.

The impounding capacities of these 8 dikes were as follows: 2 had capa-
cities less than the tank capacities, 2 had capacities from 1 to 1.5 the tank
capacities, and 4 had capacities greater than 1.5 the tank capacities. In
12 of the 152 fires the fire spread because of the absence of dikes. Thus
dikes were effective in all cases in which they were required to serve, and
out of 50,000 tanks in service only 20 dikes could have served in 10 years.

Out of 242 crude oil fires reported in 10 years the dikes of 131 were
called upon to serve and in 9 additional cases the fire spread because
of no dikes. It is particularly important to note that the dikes in 75 cases

were overtopped by the oil and were ineffective in preventing the spread
of oil. Of these, 46 had capacities from 1 to 1.5 the tank capacities and
10 had capacities 2 times the tank capacities. Out of the 242 fires, the

dikes of 56, with varying capacities, were effective in preventing the spread
of fire.

The foregoing illustrates the difference of hazard between light and
heavy oils and demonstrates that present dike design for heavy oil pro-

tection should not be based upon the impounding capacity of the dike alone.

2. Particular attention is called to the Standard Oil Company report

which gives the results of experiments conducted to show the manner in

which dikes can be made effective by adding top copings. These copings
virtually create a concave surface, similar to that used in sea-wall design,
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which turns the oil back upon itself. The results indicate that copings can
be addetl to existing dikes at relatively low cost, or if provided initially the

dikes can be made much smaller, thus offsetting the cost of the coping,

if not causing an actual reduction in cost.

3. The American Petroleum Institute report recommends that dikes

be provided with copings in accordance with the Standard Oil Company
report, placed at least 1 diameter from the protected tank (with a minimum
of 50 feet for a tank 30 feet high) and a dike capacity equal to the tank
capacity.

4. The Ponca City fire demonstrates that dikes may be required to

protect property against the collapse or structural failure of tanks for all

types of oil, exclusive of the boilover hazard of heavy oils.

5. This same fire, together with that at Monterey, in which a 7500
barrel tank was protected by a* 15 foot concrete wall, indicates that dikes

may be required to prevent oil from outside sources from reaching the

enclosed tanks. Dikes should be designed to resist oil flow from whatever
direction the flow may come.

6. A series of boilovers, such as occurred at Coalinga, from a single

tank, or at Monterey from a group of tanks, may subject the dike to

intense heat at several successive times in the course of a fire, and hence
it must be capable of resisting this heat and remaining intact throughout.
A dike which successfully turns back the first boilover and collapses at

various points because of the heat, will be practically worthless if subse-

quent boilovers occur.

7. The boilover hazard involved in heavy oil fires makes it particu-

larly dangerous for fire fighters to remain in the vicinity. The fact that

light oils burn within their containers is likely to lead to the belief that

heavy oils will do likewise, particularly since the fire burns for several

hours before a boilover occurs. Inadequate dike protection is likely to

cause undue confidence to be placed in them. On the other hand a proper
knowledge of boilover performance will often allow temporary protective

measures to be effected in the time between the start of the fire and the

boilover.

8. The general subject of dike protection involves independent em-
bankments either temporary or permanent, built to protect property where
the hazard of adjacent oil storage prevails. Railroads serving territories

where large amounts of oil are handled and stored are likely to have num-
erous cases where sections of track are subject to oil fire hazard. In

such cases properly designed embankments may be the means of saving

considerable track property and avoiding the consequent serious interruptions

of traffic.

Conclusion

The general subject of dike protection is in course of development.
After due investigation, coupled with study of tank design and fire protec-
tive systems, this Association can prepare a detailed recommended practice.

Meanwhile it is suggested that the Committee work be continued along
present lines in a manner best suited to secure the above final results.

ROOFS FOR FUEL OIL STORAGE TANKS
By K. B. Duncan

Tilt practice in building steel oil storage tanks for fuel oil by railroad

companies has followetl very closely the practice as developed by the oil

companies. So far as the tank shell is concerned, there has developed noth-
ing that would indicate there should be any difference in construction, but
in the type of roof, there has arisen the (lucstion as to whether the railrcxids

are justified in following the practice of the oil companies as it involves

a very great increase in expense.
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To secure the present practice in roof construction and their opinion

on the fire hazards in handling oils, a questionnaire was sent to several

large oil companies and a statement of their replies is attached.

In the early steel tank construction, wooden roof supports and sheath-

ing with light metal or tar and gravel covering was almost universally

used. This has been replaced, largely, by steel roof supports and sheet

steel covxring, making roof gas-tight. Some companies use explosion

hatches ajid nearly all provide gas vents. There is now coming into use

a floating type of roof that may, in time, change the practice again.

The reasons given by the oil companies for changing from the wooden
roof to the steel roof may be listed as follows

:

(1) Fire hazard. Less danger from ignition by lightning

(2) Better opportunity for grounding tank from electricity

(3) To reduce insurance rates

(4) To make gas-tight roof and reduce losses of volatile matter by
evaporation

(5) Difficult to fasten wooden roof to edge of steel tank. The
tank pulls away from edge of roof and permits water to run
into oil

(6) Poor quality of lumber now being received

(7) Less maintenance cost.

Number one is perhaps the chief reason given by Oil GDmpanies for

steel roofs, although the steel roof alone is not sufficient to eliminate fire

hazard, as it must also be gas-tight and provided with proper vents and all

hatches kept closed.

The fire hazard is greater with high gravity oils or oils having a low

flash point, hence with fuel oils, which have a high flash point and usually

low gravity, the hazard is much less.

A very interesting phamphlet on "Lightning and Petroleum Storage
Tanks," published by West Dodd of Des Moines, Iowa, discusses the cause

of oil tank fires from lightning. In general, it is the result of an electro-

static spark, occurring on the edge of the tank and igniting some highly

combustible material. This might be an inflammable roofing material, or

more generally with escaping gas containing the proper air mixture for

ignition. With a steel roof, the gas ignition might not cause a fire, but

with an inflammable roof, it is sure to occur.

The American Petroleum Institute has issued a report on "Record of

Oil Tank Fires in the United States," covering a period of ten years, from
1915 to 1925. In this report, it is stated that out of 304 fires, 75 per cent

were caused by lightning. Of the 416 tanks set fire, 58 per cent contained

crude oil, while only 14 or 3 per cent contained fuel oil.

Another interesting statement is that of 5237 tanks with wooden roofs,

in service during a ten-year period, containing crude oil, 217 or 4 per cent

were burned, while of 347 fuel oil tanks, for the same period and same
roof construction, only 5 or 1.4 per cent are reported as burned. Out of

2347 tanks with steel roofs containing crude oil, 15 or .6 per cent burned
and of 1318 containing fuel oil, only 6 or .4 per cent burned, showing that

of the number of tanks containing fuel oil, only a very small per cent

burned and that the per cent was much lower for steel roofs than for

wooden roofs.

This same report of the American Petroleum Institute states the fol-

lowing conclusions of the committee, which is very pertinent to this subject

:

"Regarding fires in fuel oil tanks, the committee has been able to secure

evidence of only fourteen such fires in the ten-year period. Four of these

fires were in standard containers. Therefore, considering the practically

insignificant fire record in such tankage, the committee firmly believes that

rules drafted to cover crude oil storage should, by no means, be applied to

fuel oil storage."
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Another statement from the same article would further confirm the

thought that fuel oil is less hazardous.

"Fuel oil, while having a somewhat greater fire-loss ratio than gasoline

and refined oils, is nevertheless far harder to ignite, and much easier to

extinguish. Few fuel oil fires have ever occurred and in no instance does

the record show that fire was communicated to adjacent structures. Ac-
cordingly it appears reasonable to recommend that fuel oils be classed with

gasoline and refined oils for purposes of tank spacing.

"Crude oil, on the other hand, has the highest fire-loss ratio. It is

subject to 'boilover,' and has caused fire spread in many instances.

Accordingly, it appears desirable to classify crudes separately when estab-

lishing distances between such containers and adjacent property lines."

The foregoing statements should be construed as relative, that is, fuel

oil may be less hazardous to handle from a fire standpoint than other oils,

but there is still considerable danger from fire, so that other features must
be considered.

The oil companies class fuel oil as topped oil or oil from which the

volatile oil and gases have been removed, while the railroads do use some
crude oils as fuel. The Mexican Crude used as fuel oil has not been
topped, as a rule, as it is very low in gas content.

It is necessary to fully determine the flash point of the oil that is being
used. Mexican Crude is very erratic as to its flash point, due to gases or
volatile oils being pocketed. Sometimes a sample will flash as low as 80
and again other samples will be almost dead.

Fires in oil tanks are caused by exposure. Burning grass and weeds,
which may be allowed to grow too near a tank, waste oil sometimes collects

around tanks and becomes ignited, fires in adjacent structures might cause
an oil tank to ignite, especially if it has a wooden roof.

Where two or more oil tanks are close together, or where the oil tank
is near other structures, such as roundhouse and shop facilities, there is

a fire hazard created other than the danger to the oil. Fuel oil, while it

does not ignite readily, makes a very bad fire if a tank of it does ignite.

This is due to its boiling over and spreading the burning oil to other struc-

tures. These boilovers are due to the quantity of water usually present in

fuel oil and the fact that it is a hea\'y oil, which permits the heated par-

ticles to settle down to the water, causing it to boil and the water in expand-
ing forces the oil over the top of the tank.

The following is a list of tank roofs most generally used with an
approximate estimated cost for a roof on a 55,000 bbl. storage tank

:

Wood supports and sheathing with tar and gravel or
asbestos covering $ 3,000.00

Wood supports and sheathing with light metal covering.. 5,000.00

All steel supports and gas-tight sheet metal covering.... 9,000.00

Wiggins floating roof 11,000.00

The wood roof with prepared roof covering gives the lowest first cost.

The item of maintenance and renewal must be considered, however, in addi-
tion to the fact that it affords less protection from fire than any other class of
roof covering. Less attention has been given to keeping roofs on oil tanks
in repair than, perhaps, any other class of structure. As a result, possibly,

some longer life of roofs has been obtained than is really justified. It

is not good practice to permit water to run into fuel oil as it is difficult

to handle in engines; it helps to form B.S. in the oil and also the leaky top
covering rots the sheathing and rafters beneath.

Of several tanks under observation, the frame work has lasted 21 and
24 years by making light repairs to sheathing and rafters when renewing the
roof covering. The tar and gravel roof has lasted from 10 to 14 years,
although the condition of the covering when renewed was much worse than
would usually be permitted.
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The roof with wood frame and lipht metal coverinp; has not proven
satisfactory as tlic metal has rusted out in very short time. The roof
does not provide any protection from lire by liglitninR as it is impossible

to make it gas-tigiit and the lof)se metal covcriiijj may cause an electric

spark that would either iftuite the gas or the wooden frame beneath. This
type of roof would offer some protection frtmi fire by exposure, provided
it was not too intense.

The steel roof that is constructed gas-tight and provided with gas
vents is probably the best form of roof for fire protection and while no
data is available as to the life of such a roof, it is much greater than any
other form now used.

The Wiggins floating roof, now l>cing used, consists of a flat circular

steel roof floating on top of the liquid in the tank. It rises and falls as

the liquid is emptied into or drawn off from the tank. The claim is that it

reduces loss of oil by evaporation as well as prevents fires by lightning and
other causes.

In selecting a type of roof for storage of fuel oil in use, each road

would necessarily have to work out its own problem. It would probably

result in selecting more than one type, according to the location of the tank.

Fire prevention would probably be the first consideration and with that

would come the nature of the oil handled, the number of tanks located

together, their proximity to other important facilities belonging to the

Company or to outside structures. Other facilities at hand for fire pro-

tection should be considered, such as fomite or steam installation, dikes

and water facilities.

From a cost standpoint, must be considered first cost plus repairs,

renewals and insurance. In comparing a wood roof and steel roof at the

prices given above, it would require an assumption of very favorable condi-

tions for the steel roof and rather poor conditions for the wood in order

to make the steel roof more economical than the wood roof.

The question of fire protection is sure to enter into the problem as

the final determining factor.
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J. G. Bloom, Chairman; Paul Hamilton, Vice-Chairman;
L. L. Adams, A. G. Holt,
G. J. Bell, H. N. Huntsman,
T. S. Bond, A. R. Jones,
Paul Chipman, S. A. Jordan,
H. R. Clarke, W. J. H. Manning,
C J. Coon, W. A. Roderick,
C. E. Dare, E. I. Rogers,
F. T. Darrow, C. B. Stanton,
R. C. Dunlay, C. E. Weaver,

J. L. Gonzales, P. H. Winchester,
K. H. Hanger, A. H. Woerner,
W. S. Hanley, Committee.

To the American Raihvay Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects

:

(1) Revision of Manual (Appendix A).

(2) Continue study on relative value of stone from various quarries

;

report on method of determining (Appendix B).

(3) Continue study of relative value, from the standpoint of effect on

operating expenses, of various kinds of ballast (Appendix C).

(4) Continue study on shrinkage of ballast (Appendix D).

(5) Continue study on cause of pumping joints, collaborating with

Committee V—Track (Appendix E).

Action Recommended

1. That the change in the Manual in Appendix A be approved, and

the additional test be inserted in the Manual as Test No. 4 under "Specifi-

cations for Washed Gravel Ballast."

2. That the report on relative value of stone as ballast from various

quarries be received as information.

3. That the subject of effect on operating expenses of various kinds

of ballast be continued for further study.

4. That the report on shrinkage of ballast be received as information.

5. That the report on cause of pumping joints be received as infor-

mation.

Recommendations for Future Work

1. Revision of Manual.

2. Continue study of relative value, from the standpoint of effect

on operating expenses, of various kinds of ballast.

Respectfully submitted.

The Committee on Ballast,

J. G. Bloom, Chairman.

Bulletin 291, November, 1926.
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Appendix A

(1) REVISION OF MANUAL

C. E. Dare, Chairman, Sub-Committee; C^. J. Coon, W. J. II. Manning;, \V.

A. Roderick, A. H. Woerner.

Tlie Committee proposes tlie following be added to the "Specifications

for Washed Gravel Ballast," which were adopted at the 1926 convention

:

Test No. A—Proportion of Aggregates in Washed, Crushed and
Screened Gravel

A sample of the prepared ballast weighing not less than 150 lb. shall

be thoroughly dried, weighed and placed on a screen having holes 1><
inches in diameter ; all material which can be passed through this screen
shall be placed upon a screen having holes 1 inch in diameter; all material
which can be passed through this screen shall be placed upon a screen having
holes 1/2 inch in diameter ; all material which can be passed through this

screen shall be placed upon a screen having meshes of 54 inch, and all

material which can be passed through this screen shall be placed upon a

No. 10 screen, and all material which can be, shall be passed through it.

If the ratio of the amount of material retained on the IJ/2 inch screen

to the amount of the sample as a whole exceeds two per cent, the product
shall be rejected until the fault has been corrected.

If the ratio of the amount of material passing the No. 10 screen to

the amount of the sample as a whole exceeds three per cent, the protluct

shall be rejected until the fault has been corrected.

If the ratio of the amount of material retained on each of the screens

to the amount of the sample as a whole does not come within the tolerances

given above, the material shall be rejected until the fault has been corrected.

Conclusion

1. It is recommended that the foregoing test be added to the "Specifi-

cations for Washed Gravel Ballast," as adopted at the 1926 convention.

Appendix B

(2) RELATIVE VALUE OF STONE AS BALLAST FROM
VARIOUS QUARRIES; METHOD OF DETERMINING

C. B. Stanton, Chairman, Sub-Committee; Paul Chipman, Paul Hamiit( r.

P. H. Winchester.

The CommiUce feel that at present there is not enough data, on bal-

last of proven merit, to establish any etjuating coefficients or other arbitrary

values whereby one ballast may be given a higher numerical index than

another.

To establish a standard as to absorption, hardness, toughness and wear

would require a large number of tests of ballast of proven merit. Such a

standard would seldom be of .service, as the choice between usable materials

is usually limited by length of haul, and totally unfit sources have Ijeen

eliminated by experience.
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We are there fure of the opinion that the benefits to be derived will

not justify the expenditure necessary to make sufficient tests to obtain

data upon which to base conclusions on the topic assigned.

Appendix C

(3) RELATIVE VALUE, FROM STANDPOINT OF EFFECT
ON OPERATING EXPENSES, OF VARIOUS KINDS OF
BALLAST

A. G. Holt, Chairman, Sub-Committee; F. T. Darrow, H. X. Huntsman,

A. R. Jones, S. A. Jordan.

The subject of tlie effect of various kinds of ballast on operating cos's

is very much involved. The matter has been discussed in a general way
with the entire Committee, and it is the recommendation tliat the subject

be continued for further studv.

Appendix D

(4) SHRINKAGE OF BALLAST

E. I. Rogers, Chairman, Sub-Committee; T. S. Bond, H. R. Clarke, K. H.

Hanger, C. E. Weaver.

At the March, 1924, convention, the Ballast Committee reported to

the Association certain recommendations for adoption and insertion in the

Manual, as shown on page 6 of Bulletin 267, Supplement to the Manual.

With a view of determining to what extent, if any, this information as

outlined above was being used by members of the Association, a question-

naire was prepared and sent to members of the Association. The questions

and answers are as follows

:

1. Is ballast purchased by the cubic yard or by weight?

(A) Forty reply by weight; 14 by the cubic yard; 11 l)y both

weight and cubic yard.

2. If purchased by weight, is it computed as placed in track by
weight or by cubic yard?

(A) Fifteen reply by weight; 44 by cubic yard.

3. How is the total yardage of ballast used determined on com-
pleted work?

(A) Forty-six reply by u.sing amount purcliased ; 4 by measurement.

4. What percentage of shrinkage is allowed for each kind of

ballast used as between ballast in place and ballast at

place of origin?
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(A) Sixty-four replies received to this question: thirteen report a

percentage of shrinkage on certain ballast:

Stone ballast 9.3 per cent
Slag ballast 14 per cent
Washed gravel I>allast 14^2 per cent
Pit run gravel ballast 13>^ per cent
Cinder ballast 20 per cent
Burnt clay ballast 16J4 per cent
Chatts ballast 10 per cent

Oyster shell ballast 7j/2 per cent

Conclusion

1. In view of the fact that no information has been received which

is in conflict with the matter now in the Manual at the present time, the

Committee recommends that the subject be discontinued.

Appendix E

(5) CAUSE OF PUMPING JOINTS
W. S. Hanley, Chairman, Sub-Committee; L. L. Adams, G. J. Bell, T. S.

Bond, R. C. Dunlay, J. L. Gonzales.

Your Committee submits the following report as to cause of pumping

joints and the remedy therefor:

First—Water pockets in roadbed so located as to hold water close to

the surface of the ground.

Second—Foul ballast, either from mud and water working up from

underneath, or dirt allowed to fall on the ballast from the top in ditching

or other work.

Third—Creeping rail and battered joints, either moving the joint ties,

or hammering them down.

The only remedy for the first cause is removal of the water pockets.

This can be done by ribbing with rock where the trouble is on fills, or

laying drain tile where it is in cuts, using parallel drains and laterals where

needed. If drain tile is laid, it will be necessary to clean out all of the

old ballast that has become foul, and substitute new material.

Where the ballast has become foul so as to hold the surface water it

will be necessary to clean out the old ballast and raise the track on fresh

material.

Where the joint ties are spiked in slots on rail joints, and the rail

creeps, it will, of course, move the joint ties from their original bed, and

this will soon cause the joint ties to start moving, which action will pump
the water from underneath the ballast to the surface, causing sloppy track,

and where the rail has bad joints from loose bolts or lipped rail, it will have

the same eflFect. This can be remedied by properly anchoring the track

with anti-rail creepers, and removing the defective rail, being careful to

see that all bolts are tight at all times.

Conclusion

1. The Committee recommends that the subject of cause of pumping
joints be discontinued.
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AND OF THP;

ELECTRICAL SECTION—AMERICAN
RAILWAY ASSOCIATION

E. B. Katte, Chairman; W M. Vandersluis, Vkc-Chanman;
F. AURYANSEN, R. J. NeEDHAM,
B. F. Bardo, a. E. Owen,
H. M. Bassett, M. Schreiber,
R. Beeuwkes, H. M. Warren,
D. J. Brumley, L. S. Wells,
J. C. Davidson, C. G. Winslow,
J. H. Davis, R. P. Winton,
J. V. B. DuER, S. Withington,
G. Eisenhauer, a. H. Woollen,
F. D. Hall, G. I. Wright,
W . L. Morse, Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

(1) Revision of the Manual (Appendix A).

(2) Study of electrical interferences caused by propulsion circuits,

including recommendations for eliminating interferences with signal, tele-

phone and telegraph lines caused by propulsion circuits and adjacent trans-

mission lines (Appendix B).

(3) Study and report on the utilization of Water Power for electric

operation, with particular reference to the tidal water power project on the

Passamaquoddy Bay, the Conowingo water power development on the

Susqueharma River, the Wallenpaupack Hydro-Electric development at

Wilsonville, Pa., and power from the St. Lawrence River (Appendix C).

(4) Collaboration with American Committee on Electrolysis (Appen-

dix D).

(5) Collaboration with the United States Bureau of Standards in tiie

revisicm of the National Electrical Safety Code (Appendix E).

(6) Revision of Transmission Line Specifications previously adopted.

Study of design and construction for Catenary Supported Working Con-

ductors (Appendix F).

(7) Study of economics of railway location as affected by electrical

operation, collaborating with Committee XVI—Economics of Railway Lo-

cation (Appendix G).

(8) Study and report on Specifications for Rubber Insulating Tape,

collaborating with the Telegraph and Telephone Section, the Signal Sec-

tion and the Mechanical Division (Appendix H).
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(9) Revision of the Insulator Specifications previously adopted (Ap-

pendix I).

(10) Revision of the Tables showing Third Rail Clearances and

Tables showing Overhead Working Conductor Clearances (Appendix J).

(11) Study and report on Rules for the Protection of Oil Sidings

from Danger Due to Stray Currents (Appendix K).

(12) Study and report on Specifications for Track and Third Rail

Bonds for Electric Railway Circuits, with particular reference to: (a)

developing a standard specification for measurement of bond resistance:

(b) securing data on current carrying capacity of bonds; (c) details of

IxMul design: (d) the effect of heat of welded bonds on track rails, co-

operating with the Rail Committee and (e) means of attaching bonds to

manganese track rails (Appendix L).

(13) Revision of Schedule of Standard Incandescent Lamps and re-

port on the Flood Lighting of Classification Yards and for other Railroad

Purposes (Appendix M).

(14) Study and report on the Design of Indoor and Outdoor Sub-

stations (Appendix N).

Action Recommended

(1) Approve as recommended practice and print in the Manual:

(a) Specifications for Rubber Insulating Tape (Appendix H)
(Reference, Supplement Manual 1921, Bulletin 258

—

August, 1923).

(b) The Schedule of Incandescent Lamp Standards—1926
(Appendix M) as a substitute for similar Schedule now
in the Manual (Reference, Manual 1921—page 931).

(2) That the report on Inductive Coordination in Appendix B be

accepted as an indication of progress and the subject continued.

(3) That the report on Water Power in Appendix C be accepted as

information and the subject continued.

(4) That the report on Electrolysis in Appendix D be accepted as

progress and the subject continued with representation on the American

Committee on Electrolysis without commitment as to subscription or dues.

(5) That the report on cooperation with the United States Bureau
of Standards in the revision of the National Electrical Safety Code under

the procedure of the American Engineering Standards Committee, as con-

tained in Appendix E, be accepted as information and cooperation with the

United States Bureau of Standards continued.

(6) That the report on Overhead Transmission Line and Catenary

Construction in Appendix F be accepted as a progress report and the sub-

ject continued.

(7) That the report on collaboration with Committee XVI—Econ-
omics of Railway Location, in Appendix G, be accepted as a progress report

and the subject continued.
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(8) That the revised Specifications for Rubber Insulating Tape in

Appendix H be approved as recommended practice and substituted for that

in the Supplement to Manual of 1921, Bulletin No. 258, August, 1923, and

that the study of Friction and Rubber Tapes be continued.

(9) That the report on Standardization of Insulators in Appendix I

be accepted as a progress report and the subject continued.

(10) That the subject of Clearances for Third Rail and Overhead

Working Conductors, Appendix J, be continued and the Tables extended

to include data showing the location of the third rail above the plane of

the running rails and beyond the gage line.

(11) That the report on Protection of Oil Sidings from Danger Due

to Stray Currents as contained in Appendix K be accepted as a progress

report and the subject continued.

(12) That the report on Specifications for Track and Third Rail

Bonds, Appendix L, be accepted as a progress report and the subject

continued.

(13) That the revised Schedule of Incandescent Lamps contained in

Appendix M be accepted as recommended practice and substituted for the

existing Schedule now in the Manual (1921 Edition, page 951) and that the

subject be continued.

(14) That the report on the Design of Indoor and Outdoor Sub-

stations contained in Appendix X be accepted as a progress report and

the subject continued.

Recommendations for Future Work

(1) Revision of the Manual.

(2) Continue the subject of Inductive Coordination as well as repre-

sentation on the American Committee on Inductive Coordination.

(3) Report further on the tidal water power development on Passa-

maquoddy Bay, and on the St. Lawrence River water power development

when actual construction is in progress ; also report upon the water power

development sponsored by the Aluminum Company of Canada on the

Saguenay River.

(4) Continue representation on the American Committee on Elec-

trolysis without commitment as to subscription or dues.

(5) Continue collaborating with the U. S. Bureau of Standards in

the revision of the National Electrical Safety Code and other Codes of

similar character. Continue the study of Electric Light, Power Supply

and Trolley Lines Crossing Railways, with a view of keeping the Asso-

ciation informed with regard to changes which may be desirable in the

adopted specifications to make them conform more nearly with the revisions

of Part 2 of the National Electrical Safety Code, prepared by the U. S.

Bureau of Standards, and with the requirements of the Public Service

Commission and other regulatory bodies in the various states. Continue

the State Representatives and their Alternates.

(6) Revise and keep up to date the transmission line specifications

previously adopted ; continue the study of design and construction for

catenary supported working conductors.
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(7) Continue the study of economics of railway location as affected

by electrical operation, collaborating with Committee XVI—Economics of

Railway Location.

(8) Continue the study of Friction and Rubber Insulating Tapes with

a view of keeping the specifications up to date.

(9) Continue the study of Insulators with a view of keeping up to

date the specifications previously adopted ; study and report on the tensile

strength of strain type insulators measured over a short period of time

compared with the tensile strength measured over a long period of time.

(10) Revise the Tables showing Third Rail Clearances and Tables

showing Overhead Working Conductor Qearances and extend them to in-

clude data giving the location of the third rail above the plane of the

running rails and beyond the gage line.

(11) Continue tlu' study o-f Protection of Oil Sidings from Danger

Due to Stray Currents with a view of keeping up to date the Rules previ-

ously adopted.

(12) Continue the subject of Specifications for Track and Third Rail

Bonds with especial reference to: (a) developing standard specifications

for measurement of welded bond resistance; (b) securing data on current

carrying capacity of bonds; (c) the study of bond design and practice for

the purpose of determining to what extent standardization is practicable,

without interfering with the progress of the art, with a view to developing

specifications; (d) means for attaching bonds to manganese track rails.

(13) Revise and keep up to date the Incandescent Lamp Schedule;

continue the study of Flood Lighting of Classification Yards and for other

railroad purposes.

(14) Continue the study of Design of Indoor and Outdoor Sub-

stations.

Respectfully submitted,

The Committee on Electricity,

By Edwin B. Katte, Cftairman.

Appendix A

(1) REVISION OF MANUAL

W. M. Vandersluis, Chairman, Sub-Committee; A. E. Owen, Vice-Cliair-

man, Sub-Committee; J. H. Davis, E. B. Katte, W. L. Morse.

Recommendation

( 1 ) Approve as recommended practice and print in the Manual

:

(a) Specifications for Rubber Insulating Tape (Appendix H). To
supersede similar specifications now contained in the Supplement to the

Manual of 1921—Bulletin No. 258 of August, 1923.

(b) The Schedule of Incandescent Lamp Standards—1926 (Ap-

pendix M) as a substitute for similar Schedule now in the Manual (Refer-

ence—Manual 1921—page 951.)
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Appendix B

(2) INDUCTIVE COORDINATION

J. V. B. Duer, Chairman, Sub-Committee ; S. Withington, Vic€-Chairman,

Sub-Committee; R. Beeuwkes, J. C. Davidson, E. B. Katte, W. M.

Vandersluis.

The activities of the Committee were confined to representation on the

American Committee tm Inductive Coordination. The American Committee

on Inductive Coordination have issued a Bibliographj- on Inductive Coor-

dination during the past year which may be had upon application to the

Secretary of the American Railway Engineering Association. In the event

that a meeting of this Committee is held prior to the March Convention a

supplemental progress report will be submitted.

Conclusions

That the subject be continued and the activities of the Committee, for

the present, be confined to representation on and working with the American

Committee on Inductive Coordination.

Appendix C

(3) WATER POWER

R. J. Needham, Chairman, Sub-Committee ; G. Eisenhauer, Vice-Chairman,

Sub-Committee ; H. M. Bassett, R. Beeuwkes, J. C. Davidson, H.

Flood, Jr., W. L. Morse.

The Committee on Water Power was instructed to investigate and

report on the following water power developments

:

Tidal Water Power project on the Passamaquoddy Bay, oflf the

Bay of Fundy.

Conowingn Water Power development on the Susquehanna River.

W'allenpaupack Ilydrn-Electric Development at Wilsonville, Pa.

The International development of Power on the St. Lawrence River.

The activities of the Committee were confined to a study and compila-

tion of data on these different water powers as far as developed at time of

investigation.

The Tidal Water Power project on the Passamaquoddy Bay was re-

viewed, and the accompanying report outlines the plan which is proposed

for harnessing power of the tidal waters for the utilization of man. Much
has been written in the past of methods for harnessing tidal water powers,

but this is the first to take any concrete form on a large scale. A chart

has been prepared by the Committee to accompany the report, which indi-

cate.s the dianges in head thniughout successive twenty- four hour jK-riods.
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The Committee visited the Conowingo development on the Susquehanna

River in August, 1926, and made a study of the site. The data are em-

bodied in the accompanying report.

A report is also attached on the physical characteristics of the Wallen-

paupack Hydro-EIcctric Development at Wilsonville, Pa.

The International Water Power development on the St. Lawrence River

is being investigated by a joint committee consisting of three engineers from

the United States and three engineers from Canada, who are considering

both the navigation and power conditions on the St. Lawrence River, in

the International as well as the National sections. This Committee will

report to their respective Governments. A study is also being made by

a National Committee on either side of the line. Official reports on this

development have not yet been made, although it is expected they will be

submitted shortly.

The American Super-Power Corporation and the St. Lawrence Valley

Power Corporation have filed applications with the State Water and Power

Commission of New York for license to develop water power in the United

States. It is understood by these applications that no plan of development

can be executed except with the cooperation of the State with the Province

of Ontario, and when license is granted that immediate conference will

be held with the Ontario Hydro-Electric Power Commission by the suc-

cessful licensee.

The Committee proposes, for future work, to make a further report

on the tidal water power project on the Passamaquoddy Bay, as well as the

St. Lawrence River power development, when actual construction is in

progress. The water power development sponsored by the Aluminum Com-
pany of Canada, on the Saguenay River, in the Province of Quebec,

Canada, which was referred to in last year's report, will be further studied

when under construction.

TIDAL WATER POWER PROJECT ON THE PASSAMAQUODDY
BAY

Plans have been prepared for the utilization of water power from the

Passamaquoddy Bay, which is an arm off the Bay of Fundy, lying in a

northerly direction, between the state of Maine, in the United States, and

the Province of New Brunswick in Canada.

Besides the Passamaquoddy Bay, which is referred to in the accom-

panying map as the upper pool, there is also Cobscook Bay, lying to the

south, which is referred to as the lower pool. These two bays are partly

separated from the main portion of the Bay of Fundy, and from each

other, by a series of islands, in such a manner that by the use of a series

of dams connecting the various islands, as indicated on the map, two large

pools or reservoirs are created, which may be maintained at different levels.

The rise and fall in these bays, due to the tide, varies from 18 feet to

Zl feet.

It will be noted from the map that the International boundary at this

point runs almost north and south, and the two larger islands, namely.
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Deer Island and Campobello Island, are Canadian territory. The power

house will be located in the United States, but it is necessary to locate

some of the dams in Canada. This will necessitate obtaining permission

from the Federal Government of the United States and the Dominion

Government of Canada. Permission has already been granted by the

Federal Power Commission of the United States to proceed with this

development. The question has also been taken up with the Dominion

Government at Ottawa, but their decision in the matter has not yet been

rendered, although no opposition has been raised.

Description of Proposed Scheme

Referring again to the map—it is proposed to generate power by keep-

ing the two pools at separate elevations, and allowing the ocean waters

to flow from the upper pool through the power house into the lower pool.

This will result in the lowering of the upper pool and the filling of the

lower pool. There will be a time twice a day when the tide will be rising,

and its elevation will become the same as the water surface in the upper

pool. When the rising tide has reached the elevation of the upper pool,

as shown at "B" on the chart, the control gates of the upper pool will

be opened and the reservoir will be raised to an elevation equal to the

maximum tide at that time. When the tide turns, these gates will be closed.

Similarly, when the falling tide has reached the elevation of the lower

pool, as shown at "B" on the chart, the control gates of the lower pool will

be opened and the pool will be emptied to an elevation equal to that of the

maximum outflow of the tide at that time. When the tide turns, these

gates will be closed and new storage space will then be created to receive

water through the power house from the upper pool.

It will thus be noted that power will be generated without interruption

throughout the whole time at both the ebb and flow tides, although under

varying heads. As the fall between the two pools is lessened more turbines

will be used allowing a greater volume of water to flow, thus overcoming

the reduced head. Similarly as the fall between the two pools is increased

fewer turbines will be used. These methods are for the purpose of main-

taining a constant output. There is a neutral phase indicated at "A" on

the chart when the tides have no action on the basins or pools.

Storage area is 150 square miles; the estimated cost is $85,000,000.

The annual power production will be approximately two and a half (2J/2)

billion kilowatt hours. The installed capacity will be 600,000 horsepower.

At this date no actual construction work has been done.
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REPORT ON CONOWINGO WATER POWER DEVELOPMENT
The Susquehanna Power Company is developing water power on the

Susequehanna River. The dam is situated eleven miles from the Town of

Perr>'ville, close to the Village of Conowingo, Maryland. The drainage

area above the dam is approximately 27,015 square miles, and the height of

the water impounded is controlled by an existing power plant about thirteen

miles further up the river. The Conowingo Development is the last power

plant to be located toward the mouth of the river.

The flow is very irregular, ranging from 2,000 cubic feet per second

at the lowest record to 750,000 cubic feet per second as a maximum
registered some years ago during a June flood. The average flow is 40,000

cubic feet per second. The dam is 2,250 feet long, surmounted with 47

stony gates 22^/2 feet high by 38 feet long. The average working head

is 86 feet. The power plant will be 758 feet long by 207 feet wide, and

will contain, when the development is completed, eleven units of 36,667

K.V.A. capacity each, at 90 per cent power factor, operating at 78.2 R.P.M.

Turbines will be of the vertical Francis single runner type. A house

generator of 2500 K.W. capacity will be provided.

The estimated cost of the project is $52,200,000, including transmission

line to Philadelphia, about seventy miles distant. The characteristics of the

power generated will be 13,800 volts, three phase, 60 cjxles, which will be

stepped up for transmission purposes to 220,000 volts. Operations on this

development commenced en April 26th, 1926, and it is expected that the plant

will be in operation in July, 1928.

The development, in view of the great fluctuation in the flow, is war-

ranted on account of being used in conjunction with the steam plant of

the Philadelphia Electric Power Company, and in eliminating the necessity

of the development of an additional large steam plant at Philadelphia.

WALLENPAUPACK HYRO-ELECTRIC DEVELOPMENT

Physical Characteristics

Storage Reservoir

Location Pike & Wayne Counties, Pa.

Name Lake Wallenpaupack
Area 5700 acres or 8.9 square miles

Length 14 miles

Width 1.5 miles average (some places 2 miles)

Length of shore line 51 miles

Depth 50 ft. average
Capacity 70,416,000,000 gallons

Watershed drainage area 227 square miles

Normal water elevation 1190
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Tafton Dike

Location Tafton, Pike County
Material Earth
Length 1100 feet

Top width 20 feet

Top elevation 1200 feet

Base width maximum 129 feet

Core wall Concrete and puddle
Height maximum 27 feet

Dam
Location Wilsonville, one mile above Hawley,

Wayne County
Name Wilsonville Dam
Material Concrete and earth

Divioisioiis of Concrete Section:

Length 870 feet

Top width 7 feet

Top elevation 1200 feet

Base width maximum 47 feet

Height maximum 67 feet

Spillway Two sections 67.5 ft. long each
Spillway gates Two steel rolling gates, 12 ft. dia.

67.6 ft. long
Spillway elevation 1 176

Dimensions of Earth Section:
Length 405 feet

Top width . . 20 feet

Top elevation 1200 feet

Base width maximum. 240 feet

Height maximum 40 feet

Core wall Concrete

Intake Structure

Material Concrete and steel

Height 62 feet

Width 52 feet

Length 43.6 feet

Screens Iron grille

Gate Steel

Dimensions 20 ft. by 19 ft. by 2 ft.

Pipe Line

Length 3.4 miles
Diameter 14 feet inside

Material Douglas fir 5.5 inches by 4 inches
Saddles Structural steel 8 feet centers
Bands Steel % inch diameter and 1 inch dia-

meter spaced 2 to 4 inches
Grade 0.375 per cent
Capacity 1700 cubic feet per second

Surge Tank
Kind Johnson Equalizer
Material Steel with wood lagging
Height 135 feet above foundation
Diameter 55 feet
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Pen Stocks
Number Two
Material Steel

Diameter 8 feet 9 inches

Length 316 feet

Hydraulic Turbines

Type Francis Reaction Turhine, T. P.

Morris Co.

Valves Johnson Needle Valve
Horse Power 28,500 each

Gross head 371 feet

Operating head 335 feet average

Electric Generators

Type Vertical-Westinghouso. ( Icnerating at

11,000 volts

Capacity 20,000 K.W. each

Thrust bearing Kingsbury

Power House
Material Structural steel, brick and concrete

Size 130 feet by 73 feet by 58 feet

Energy

Annual energy at high voltage

bus 90,000.000 K.W.H.
Storage 47,000,000 K.W.H.
Load factor 25 per cent

Transmission Lines

One single circuit 220 K.V. to Siegfried

One single circuit 66 K.V. to Scranton
One double circuit 11 K.V. to Hawley

Conclusions

That the report be accepted as information and the subject continued.

Appendix D

(4) ELECTROLYSIS

M. Schreiber, Chairman, Sub-Committee ; W. M. Vandersluis, Vice-Chair-

man, Sub-Committee ; E. B. Katte.

The Committee has confined its activity to the work of the Sub-Com-

mittee on Research of the American Committee on Electrolysis. This Sub-

Committee has held one meeting this year and is at present engaged in

an attempt to formulate Grounding Rules which will be acceptable to the

various interests represented on the American Committee on Electrolysis.

In the event of a decision being reached prior to the convention, a supple-

mental progress report will be submitted.

Conclusions

That representation on the American Committee on Electrolysis be

continued without commitment as to subscriptions or dues until a definite

program is submitted to the Board of Direction for their action.
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Appendix E

(5) CO-OPERATION WITH THE U. S. BUREAU OF
STANDARDS

W. L. Morse, Chairman, Sub-Committee ; F. Auryansen, Vice-Chairman,

Sub-Committee; B. F. Bardo, J. H. Davis, J. V. B. Duer, J. T. Seaver,

Z. H. Sikes, L. S. Wells.

The Committee has conferred with the U. S. Bureau of Standards in

the revision of the National Electrical Safety Code under the procedure of

tiie American Engineering Standards Cnmmittec.

Progress in relation to various parts of the Code has been made as

follows

:

Part 1—Rules for the Installation and Maintenance of Electrical Sup-

ply Stations, and Section 9—Grounding Rules : These have been found

acceptable and can be recommended for acceptance by the American Railway

Association when the entire Code has finally been revised.

Part 2—Rules for the Installation and Maintenance of Overhead and

Underground Electrical Supply and Signal Lines : The Fourth Draft of

this part issued in April, 1926, was submitted to the Sectional Committee

of the American Engineering Standards C(immittee for a letter-ballot, which

resulted in 44 affirmative votes with 14 members not voting.

This part of the Code not having been found satisfactory particularly

in respect to clearances and strength of structures where long spans and

high voltages were involved, the American Railway Association Representa-

tives submitted to the Chairman of the Sectional Committee under date of

June 30th, 1926, the following Minority Report

:

Minority Report—Part 2

—

Dated June 18th, 1926

"This Minority Report is submitted by the Electrical Section of

Division IV—Engineering, of the American Railway Association to

accompany the revision of Part 2 of the National Electrical Safety

Code as revised by the Executive Committee (Draft 4—April, 1926)

of the Sectional Committee sponsored by the U. S. Bureau of Stand-

ards under the procedure of the American Engineering Standards

Committee.

"The subject is treated in a general way with specific references

to the features of the revised Part 2 of the National Electrical Safety

Code w-hich are unsatisfactory from a railroad standpoint. These fea-

tures being as follows

:

"1. We disagree with the values for separation of conductors on
the same support particularly those which carry potentials in excess of
7500 volts and those in spans in excess of about 400 feet. The values

as given by the Code vary from those which are satisfactory to us,

namely, low voltages and short spans, to those which are approximately
50 per cent of what in our opinion they should be, namely, those for

high voltage and long spans.
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"2. We disagree with the values for vertical clearances at cross-

ings of both track rails and other wire lines. We do not believe that

the values prescril^ed in these rules take due account of the type of

construction which is used for the various voltage classifications. Con-
sideration of this phase of the subject is necessary in order to protect •

against hazard in case of a broken or burned off conductor in an

adjoining span. For voltages in excess of 27,500 volts and span lengths

in excess of 400 feet, the prescribed clearances are considerably less

than are in our opinion necessary.

"3. We disagree with the method of determining the loading upon ,

crossing supports. The rules prescribe a certain transverse loading and
certain longitudinal loading under specified conditions. The strength

of the supports is based upon these loads individually. Under the laws

of mechanics, if we have any conductors broken in a span adjoining the

crossing, both longitudinal and transverse loads are applied to the sup-

porting structure simultaneously. The Code does not recognize this

principle.

"4. We disagree with the unit stresses specified for steel, particu-

larly those for Grade B transverse strength, and Grades A and B
longitudinal strength. We believe these stresses are materially in

excess of suitable values.

"5. We disagree with the difference between the longitudinal loads

specified for 'continuous' and for 'isolated' construction. While we feel

that there may be some justification for the principle expressed by this

differentiation, we do not believe that the difference should be as much
as specified.

"6. It has been the experience of the Railroads with their supply

lines on their own rights-of-way that the insulator flashover values

required for satisfactory operation are considerably in excess of those

required on lines of similar characteristics remote from Railroads and
it is our opinion that a definite requirement of 25 per cent increase in

tabular value of flashovers should be inserted to compensate for a

recognizedly more severe condition of insulator service.

"7. We are not in accord with a number of minor features in the

rules."

On June 10th, 1926, the Main and Executive Committee of the Amer-
ican Engineering Standards Committee when considering the Code as then

revised referred Part 2 back to the Sectional Committee for further con-

sideration. The Sectional Committee met August 5th and declined to give

consideration to the Minority Report on the ground that it involved a

change in substance to what had been accepted at its meeting held March

5, 1925. This action received vigorous protest on the part of your repre-

sentatives and when the Code again came before the Main Committee of

the American Engineering Standards Committee for approval on Sepetember

9, 1926, the Sponsor for the Code requested that no action be taken at that

time and it is understood that Part 2 will again be referred back to the

Sectional Committee.

When Part 2 is approved the duty of preparing specifications for

Supply Lines Crossing Railroads must be met. Your representatives have

been designated as members of respective sub-committees to assist in this

work. The inconsistency of assisting in the preparation of specifications

based primarily upon data to which the Electrical Section cannot agree,

as referred to in the Minority report quoted above being evident, this

Section at its meeting held April 21, 1926, adopted the following resolution

:
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"Resolved: That in relation to a communication sent to Mr.

W. L. Morse, under date of December 19, 1925, by Dr. M. G.

Lloyd, of the U. S. Bureau of Standards, Chairman of

the Sectional Committee of the American Engineering Standards

Committee for the Revision of the National Electrical Safety

Code, the railroad representatives on the Sectional Committee of

the American Engineering Standards Committee shall not par-

ticipate in the preparation of Specifications for Supply Lines Crossing
Railroads until the revised Safety Code has been issued with the

views of the railroad representatives, as embodied in their minority

report, incorporated in its requirements. If the railroad repre-

sentatives cannot secure the incorporation of these requirements
in Part 2 of the Code, that this Committee then request the

American Railway Association to advise the American Engineering

Standards Committee tliat the American Railway Association
representation on the American Engineering Standards Committee,
in so far as matters pertaining to Part 2 of the National Elec-

trical Safety Code is concerned, is withdrawn, and that no further

part will be taken by the American Railway Association in the

preparation of Specifications for Supply Lines Crossing Railroads
in harmony with the proposed 4th edition of the National Electrical

Safety Code."

Dr. George K. Burgess, Director of the Bureau of Standards, acting

as the sponsor for the Revision of the Code, called a conference on October

Z], 1926, of the representatives most vitally interested in the provisions of

Part 2 affecting Tranmission Line Crossing requirements. At this meeting

it was agreed that a representative of the National Electric Light Associa-

tion and a representative of the American Railway Association would

confer with a view of reconciling differences with regard to these portions

of Part 2. Dr. Burgess agreed that this part of the Code would not be

again submitted to the American Engineering Standards Committee until

the representatives of the two interests had reported.

Part 3—Rules for the Installation and Maintenance of Electrical Util-

ization Equipment : The revised draft for this part not having been found

satisfactory due to the rule requiring De-energizing Switches in Leads to

Current Collecting Devices in Electric Locomotives and Multiple Unit Cars

and also because of the mandatory requirements for Insulating Barriers

on Booms of Wrecking Cranes, the following minority report was filed

with the Sectional Committee.

Minority Report—Part 3

—

March 25, 1926

"381 (b) On the booms of cranes and derricks mounted on the

tracks of railways with overhead trolley contact conductors, an
insulated barrier shall be provided which will prevent contact of

conducting parts with the overhead wire if the boom is raised

against it."

"382 (c) (2) On a private right-of-way, a single throw switch
shall be provided in cable to third rail collectors so that these may
be de-energized when the current supply is from the overhead
trolley."

"The objections to the inclusion of these paragraphs in the
Safety Code, are as follows:

"381 (b) It is practically impossible to design for all types
of booms an insulated barrier upon which reliance can be placed

at all times, particularly when the overhead trolley conductors
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carry high voltages. This is especially true in the case of long

lK)oms, damp climates, high voltages and rigid or semi-rigid trolley

structures. Clearances arc rechiccd by the provision of such a

device and proper maintenance of it is difficult to obtain.

"The use of such a barrier would tend to give crane operators,

who, in most cases, are unfamiliar with electrical hazards, a false

sense of security, and, as a result, unnecessary contacts with the

overhead trolley construction are likely to occur. If the insulated

harrier should fail, a high resistance ground is apt to develop which
may cause more damage than a dead ground between the trolley

and unprotected portion of the crane boom. Certain parts of

derricks with long booms, including the load itself, which cannot be

insulated, are more likely to form contact with the overhead
trolley by reason of a possible reduction of vigilance on the part

of the operator.

"Such an insulated barrier does not in any way add to the per-

sonal safety of the crane operators which is provided by thorough
grounding of all parts of the boom and crane structure. At best

it can be considered only as an operating advantage due to possible

reduction in accidental short circuits and the consequent power
interruptions.

"382 (c) (2) This provision cannot be met in a satisfactory

manner on the equipment of electrified railroads operating heavy
traction electrical equipment. In the case of heavy locomotives,

or of multiple unit cars, it is difficult and sometimes impossible

to install such single throw switches due to limited clearances or
the lack of proper mounting space. Such switches are unnecessary
since fuses are provided in all cases in the circuit to the collector

shoes. If emergency conditions rcciuire that the slices be de-ener-

gized, it is possible to remove these fuses without great difficulty.

Under the usual conditions of operation where overhead trolley

and third rail power supply of the same kind are used inter-

mittently, it is impractical and unnecessary to operate such dis-

connecting switches. Inasmuch as in all ordinary operation from a
third rail power source, energized third rail shoes are exposed at

all times, it hardly seems necessary or desirable to make provision
for de-energizing them in the case of operation on industrial

sidings."

Part A—Rules tO' be observed in the operation of Electrical Equipment

and Lines : This has been found acceptable and can be recommended for

acceptance by the American Railway Association when tlie entire Code has

been revised.

Part 5—Safety Rules for Radio Installation: This also has been

found acceptable and can be recommended for acceptance by the American

Railway Association when the entire Code has been revised.

Conclusions

That the work l>e continued in co-operation with the U. S. Bureau

of Standards for the revision of the National Electrical Safety

Code under the procedure of the American Engineering Standards Com-
mittee with the understanding that in so far as Part 2 of the Code is con-

cerned, the Railroad representatives will co-operate in the preparation of

specifications in accordance with the final revision of this part of the Code

provided the final revision incorporates such changes as may be necessary

to meet the criticisms expressed in the Minority Report of the Railroad

representatives dated June 18, 1926.
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Appendix F

(6) OVERHEAD TRANSMISSION LINE AND CATENARY
CONSTRUCTION

L. S. Wells, Chairman, S ub-Committee ; G. I. Wright, Vice-Chairman,

Sub-Committee ; F. Auryansen, B. F. Bardo, H. M. Bassett, J. C.

Davidson, J. V. B. Duer, G. Eisenhauer, H. C. Griffith, F. D. Hall,

R. J. Needham, H. Pattison, H. W. Pinkerton, J. E. Sharpley, R. P.

Winton, S. Withington.

Assignment of Duties

(1) Revise and keep up-to-date the transmission line specifications

previously adopted.

(2) Follow up transmission line construction.

(3) Inaugurate a study of design and construction for catenary sup-

ported working conductors, submitting this year a preliifiinary report.

Action

(1) The Committee invited members of the Section to submit sug-

gestions for the revision of the transmission line specifications as the result

of experience with them. None were submitted, nor did the Committee

find it advisable to initiate any revisions in order to keep the specifications

up-to-date.

(2) No action was taken by the Committee in connection with this

second assignment, inasmuch as its subject matter seemed to be covered

by assignment number one.

(3) The subject matter of this assignment has been segregated into

three parts

:

(1) Clearances.

(2) Catenary and Transmission Construction.

(3) Structures.

and the necessary Sub-Committees have been appointed to consider them.

The assignment of duties of the Sub-Committees and the action taken

by them are as follows

:

Sub-Committee Xo. 1

—

Clearances

Duties

(a) Review the present American Railway Engineering Association

Specification for "Overhead Clearance Lines for Permanent Way Structures

on Electrified Railways" (page 854, A.R.E.A., 1921 Manual), also the more

recent supply line specifications in order to determine whether they repre-

sent present day standards.

(b) Modify the above specifications as may seem desirable.

(c) Submit recommendation as to maximum and minimum elevation

of trolley.
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Action

By submission of existing approved clearance diagrams to the various

roads interested, this Sub-Committee is attempting to develop any revisions

that may prove necessary. Data are still being received and considered by

the Sub-Committee. Evidence so far leads to a belief that, because of

changes in dimensions of equipment, and potential in working conductors,

some changes in the diagrams will be necessary.

Sub-Committee No. 2

—

Catenary and Transmission Construction

Duties

(a) Determine the proper transmission and distribution voltages,

capacity of feeders, allowable drop, etc., to meet various traffic load

conditions.

(b) Determine the proper and economic spacing, height, and loading of

supporting and anchoring structures for various typical conditions—e. g.,

tangent, curve, grade, tunnel, bridge, signal, yard, etc.

(c) Determine the proper type of catenary construction for these

typical conditions and prepare general and detail specifications for all items

entering into this construction, beginning at the point of attachment to

the supporting structures. In determining the proper unit stresses for the

various classes of material entering into this construction, give due consider-

ation to those adopted as standard practice in the A.R.A. supply line and

wire crossing specifications.

(d) Determine the proper method of sectionalization and prepare

general and detail specifications, inclusive of the necessary apparatus.

(e) Determine the proper construction for high tension circuits jointly

supported and prepare general and detail specifications for items entering

into this construction, beginning at the point of attachment to the supporting

structures.

(f) Determine the proper method of grounding structures having in

mind the use of traction rails for signaling purposes.

Action

The Sub-Committee submitted a questionnaire to all railroads whose

lines are electrified in whole or part and replies have been received from

the following : Grand Trunk St. Clair Tunnel ; Erie ; Chicago, Milwaukee

& St. Paul ; Butte, Anaconda & Pacific ; New York, New Haven & Hart-

ford ; Illinois Central ; Detroit, Toledo & Ironton ; New York, Westchester

& Boston; Norfolk & Western; Pennsylvania; Canadian National, Mont-

real; Boston & Maine; and Long Island Railroad.

The electrifications on which reports have been received cover the

period from 1906 to date for passenger, freight and switching service in

main line, branch line and yard operation.

A summary of the various elements covered by the questionnaire is

given below:
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(A) Transmission System Characteristics

1. Eight railroads report A. C. Transmission 25 cycles at voltages from

3300 to 88,000 and one railroad 60 cycles at 100,000 volts.

2. Three Phase Transmission.—Three railroads report three phase

transmission, one having two 4/0 circuits and the others one No. 4 A.W.G.

and one 2/0 circuit, respectively. These show factor of safety from 2 to 3

and phase spacing from 3 ft. at 11,000 volts to 10 ft. at 100,000 volts.

3. Single Phase Transmission.—Six railroads have one phase trans-

mission ranging from one to four circuits and in size from 2/0 to 300,000

cm. Three use copper wire, two copper and phono and one copper and

aluminum. The factor of safety varies from 2 to 3.

4. D.C. Transmission.—Two railroads use D.C. transmission of

copper wire size 500,000 cm. to 4/0, and one railroad uses 700,000 cm.
5. Insulators.—Eight railroads carry transmission on pin insulators

at voltages up to 60,000 and two use suspension insulators for voltages over

60,000. The nominal voltage rating is from one to three times line voltage

and the flashover from three to ten times line voltage.

(B) Contact or Distribution System Characteristics

1. Eight railroads use A.C. distribution from 3300 to 22,000 volts 25

cycles one phase per track and four use D.C. from 1500 to 3000 volts.

2. Contact Wire, Main Line.—Main line contact wire is in general

grooved and in size from 3/0 to 300,000 cm., being single except in two

cases where double contact wires are used. The material of the contact

wire is in general non-corrosive, being copper in two cases and phono or

bronze in the balance. The current collected per pantagraph shoe varies

from 30 to 800 amperes with pantagraph pressures from 5 to 42 pounds.

The life of pantagraph shoes varies from 2000 to 18,000 miles, the latter

figure being given for a roller type shoe, the maximum for sliding shoe

being 8000 miles.

3. Coxtact Wire, Branxh Lixes.—The contact wire data for branch

lines and yards is similar to that for main line except that the sizes vary

from 2/0 to 6/0 A.W.G. and there is a greater tendency to use copper.

4. Contact Wire Tensions.—The contact wire tensions vary to pro-

vide minimum factor of safety from 2 to 3.

5. Auxiliary Trolleys.—Auxiliary feed wires per track vary from one

to two and in size from 1/0 to 4/0 A.W.G., being for the most part grooved

hard drawn copper with factor of safety from 2 to 3.

6. Catenary Messengers.—Catenary messengers per track vary from
one in general to two in two cases. In seven cases steel is used, the sizes

being i^ in. to 5^ in. with two cases of J4 in. where catenary is compounded.

Three railroads use copper, copperweld and phono bronze, respectively, the

sizes being 0.81 in. dia. and J^ in., respectively. The factor of safety for

steel messengers varies from 2.5 to 4.6, that for copper being 2.56 and that

for 1/2 in. bronze being based on tension of 3065 pounds at 60 degrees Fahr.

7. Trolley Clearances.—Maximum trolley clearances from rail vary

from 22 ft. 3 in. to 25 ft. in. and minimum clearances from 15 ft. 3 in.
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to 24 ft. 2 in. Normal heights are from 18 ft. 5 in. to 24 ft. in. There are

seven railroads using some sort of warning sign for wire height. Horizon-

tal clearances of wire from abutments, etc., vary from 5 ft. in. minimum
to 15 ft. in. maximum.

8. Catenary Insulators.—Five railroads use pin insulators to support

catenary, five use suspension insulators and two use a combination of both.

The numl>er of units in suspension insulator strings is in general three at

11,000 volts with four at 22,000 and two at 1500 volts. Normal voltage

ratings are from two to three times line voltage and flashover ratings are

from ten to twenty times line voltage. The combined mechanical and elec-

trical, breaking stress on suspension insulators varies from 9000 to 18,000

pounds.

9. Catenary Assembled.—Hanger spacing on tangent between mes-

senger and trolley wire varies from a minimum of 10 ft. in. in three cases

to 30 ft. in. in three cases. On curve the spacing is from 10 to 20 feet.

Three railroads use flat steel or copper strap approximately 1 in. by -h in.,

while seven others use round hangers of steel or non-corrosive material

ranging in size from % in- to % in. dia. In general the fitting for con-

nccling- hanger to messenger is malleable cast iron except for five cases of

cast bronze. The connection between auxiliary and contact trolleys is given

as cast iron in two cases, as cast or pressed bronze in five cases and as a

combination of the two in two other cases. Only two railroads electrically

bond messenger and trolleys at distances ranging from 15 to 20 ft. and

1000 ft.

10. Substations.—Eight railroads use substations, the minimum num-

ber being one and the maximvuTi 22. Five have indoor stations, two outdoor,

and three some of each. The average spacing of substations varies from

3.8 to 30 miles. The average capacity varies from 2000 to 7800 K.V.A. In

general the substations are manually operated and are the only sources

from which the distribution system is fed.

11. Section alizing.—Most railroads sectionalize their main line by

means of air gaps or wood section breaks with switches of oil or horn gap

type around the sectionalizing, and with the sectionalizing at a substation.

Tracks are sectionalized at points from 1.6 to 30 miles apart.

12. Return Circuit.—Return circuit in general is the running rail with

pin type bonds used in all but three cases, these latter being gasweld. Bond
sizes vary from 1/0 to 300,000 cm. In general the method of eliminating

signal circuit disturbance is by use of a different frequency for signal and

traction power with impedance bonds.

13. Painting.—Painting programs for catenary are not very well

developed.

Sub-Committke No. 3

—

Structures

Duties

(a) Determine the proper types of supporting structures to meet the

typical conditions developed by Sub-Committee No. 2.

(b) Prepare general and detail specifications for the construction of

such structures including foundations and guys.
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(c) In determining the proper unit stresses for various classes of

material entering into the supporting structures, give due consideration to

those adopted as standard practice in the A.R.A. supply line and wire

crossing specifications.

Action

The questionnaire submitted to roads with electrified trackage by Sub-

Committee No. 2 contained a section dealing with structural supports. A
summary of the various elements is given below.

(A) Transmission Structures

In general transmission towers are constructed of rolled or fabri-

cated steel and have an average spacing of about 300 ft. and an average

height varying from 35 to 44 ft. The data obtained on loadings, maximum
stresses, and spacing of anchor towers, are not at all complete. With two

exceptions the transmission line is along railroad tracks and the structures

are grounded by connection to the running rails.

(B) Catenary Structures

With but two exceptions, catenary structures are jointly used with

transmission, signal or communication circuits. Tangent spacing varies

from 120 to 320 ft. with a preponderant number at 300 ft., while curve

spacing varies from 65 to 300 ft. In a majority of cases rolled or fabri-

cated steel is used in the construction ; wood and reinforced concrete are

also used. Three types of cross track support—truss, cross catenary and

bracket—are used and spans of from 2 to 15 tracks are made. Maximum
loadings on wires vary somewhat except, that the maximum ice loading is

taken at J4 in. in all cases and the maximum wind loading at 8 pounds with

ice in a majority of instances. The maximum allowable stress in steel is

generally set at either 20,000 or 25,000 pounds per sq. in., while the factor

of safety in other parts of the construction varies from 2 to 3. Strand or

rod guys, concrete or wood anchors, and concrete foundations are used

with factor of safety varying from 2 to 5, 1.5 to 2, and 1.5 to 2, respec-

tively. Structures are generally grounded to either earth or rail.

The data obtained from the questionnaire submitted by Sub-Committees

2 and 3 to the various electrified railroads have been tabulated and are

appended.

Conclusions

That the report be accepted as a progress report and that the assign-

ments be continued.



1

Q

It

S
t

He.





o

a
3

1/2

O



1



nM

is

(^ in

r

III

0?

^^1

<?<?

ill

^

^

^ o

(8 ^

1^

10 1^

>0

^0 >$

^

sUO'^o^S' - '7^S-

Q

^1

1

I

s>

1

1

II

1^

s^

1^

b



Electricity 119

Appendix G

(7) COLLABORATION WITH COMMITTEE XVI—
ECONOMICS OF RAILWAY LOCATION

D. J. Brumley, Chairman, Sub-Committee; J. V. B. Duer, Vice-Chairman,

Sub-Committee; H. M. Bassett, J. C. Davidson, A. E. Owen, H. M.

Warren.

This Committee reports progress. A supplemental report will be sub-

mitted after the report of Committee XVI has been received.

Conclusions

That the Committee continue the study and report on Economics of

Railway Location as affected by electric operation in cooperation with Com-

mittee XVI—Economics of Railway Location.

Appendix H

(8) STANDARDIZATION OF ADHESIVE AND RUBBER
TAPES

H. M. Warren, Chairman, Sub-Committee; R. Beeuwkes, Vice-Chairman,

Sub-Committee; H. M. Bassett, J. H. Davis, C. B. Martin, J. L. Minick,

M. Schreiber, G. I. Wright.

The Committee has collaborated with representatives of the Telegraph

and Telephone Section, the Signal Section and the Mechanical Division in

the preparation of Specifications for Rubber Insulating Tape. The speci-

fications prepared by the Joint Committee are acceptable to all but the

Signal Section. This Section prefers to retain the requirements with regard

to dry Up River Para Rubber, a formula for the rubber compound and

the phraseology of their present specifications. The specifications are here-

with submitted for publication in the Manual as recommended practice

replacing those appearing in the Supplement to the Manual of 1921, Bul-

letin 258, August, 1923.

Conclusions

That the Specifications for Rubber Insulating Tape be accepted as

recommended practice and printed in the Manual. That the study of

Friction and Rubber Tapes be continued.



AMERICAN RAILWAY ENGINEERING
ASSOCIATION

COMMITTEE ON ELECTRICITY

Specifications for Rubber Insulating Tape

October 20, 1926

120



Electricity 121

SPECIFICATIONS FOR RUBBER INSULATING TAPE

(I) MANUFACTURE
1. General

The tape shall be a rubber compound which shall be well, evenly

and smoothly calendered, cut to uniform width and tightly wound in rolls

with a glazed cloth, parchment paper or a linen separator interposed between

adjacent layers.

2. Separator

Tlie separator shall be attached to and cover the outer side of the

tape. When unwound from the original roll, it shall show no undue tendency

to adhere to the rubber.

(II) CHEMICAL PROPERTIES AND TESTS

3. Compound

The tape shall be made from an unvulcanized rubber compound con-

taining not less than 30 per cent of the best quality Hevea rubber, not

more than 1 per cent of free sulfur and not more than 2 per cent of

waxy hydrocarbons.

The remainder shall consist only of suitable dry inorganic mineral

fillers. The compound shall contain no reclaimed rubber, substitutes or

organic matter other than hereinabove specified. All percentages shall be

based on the weight of the original compound.

4. Chemical Analysis

If an analysis of the compound is made, it shall be carried out in

accordance with Sections 15 to 47, inclusive (Joint Rubber Insulation Com-
mittee's Procedure), of the Standard Methods of Testing Rubber Products

(Serial Designation D15-24) of the American Society for Testing Materials,

with the following exceptions :

(a) Omit "chloroform extract" from the diagram in Fig. 2 and from

the tabulation in Section 45.

(b) In place of Section 20 substitute the following : "Remove the

rubber compound from the separator and cut into as thin strips as possible."

(c) Omit Sections 25 and 33.

(d) In Section 34, substitute "acetone" for "chloroform" in tlie first

and second lines.

(e) In Section 38, omit "from the conductor" in the third and fourth

lines.

(f) In Section 46, omit "and chloroform" and substitute "extract" for

"extracts" in the first sentence. Omit the second sentence.

(g) In Section 47, omit "chloroform extract."

(III) PHYSICAL PROPERTIES AND TESTS

5. Tensile Strength

(a) The tensile strength of the tape shall be not less than 250 lbs. nor

more than 500 lbs. per sq. in.
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(b) The tests shall preferably be made with a power driven, pendulum-

type tension testing machine; the initial distance between the jaws shall be

3 in. and the rate of separation of the jaws shall be 20 in. per minute.

The width of the test specimen shall be 0.5 in.

(c) Three specimens of each sample free from visible flaws shall be

tested. The average result shall be taken as the tensile strength.

(d) The temperature of the room shall be not lower than 65 deg. F.

(18 deg. C.) nor higiier than 90 deg. F. (32 deg. C.) and the samples shall

have been kept within these temperature limits for at least 30 minutes

previous to the time of testing.

6. Dielectric Strength

Two brass-ball sphere electrodes 2 cm. in diameter shall be brought

so close together that the sample of tape can be just moved between them.

The tape shall withstand without puncturing the application of a potential

of 250 volts per mil of thickness for a period of five minutes applied to the

sphere electrodes at a frequency not exceeding 65 cycles per second.

7. Fusion

The fusion tests shall be made under room temperatures and conditions

specified under Section 5 (d). The sample shall be tested on a mandrel one-

quarter inch in diameter which shall be held level in ball bearings of the

Fafnir Bearing Company Cat. .096 or other make and shall turn freely

under a weight of 5 grams suspended from a cotton thread wound in a

single layer on the center of the mandrel.

A sample seven inches long shall be taken from the roll, care being

taken not to touch the surface to be tested with the hands or otherwise

and two inches of the sample shall be wound on the mandrel, and then a

weight of 4 pounds per inch of the width of the tape shall be attached and

the tape wound on the mandrel for three inches at the uniform rate of

approximately 15 R.P.M. The tape shall stand for tliree minutes with the

weight attached and then be allowed to unwind at the same rate until the

fused turns are reached. The tape shall then sustain the weight for two

minutes without further unwinding or shall break at the point of unwinding.

8. Test Samples

One roll for each 250 rolls shall be taken at random for test. At

least 2 ft. of the outer layers shall be removed and discarded before taking

specimens for test.

(IV) STANDARD WEIGHTS, DIMENSIONS AND VARIATIONS

9. Thickness, Weight and Yardage

The tape shall conform to the following requirements

:
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10. Permissible Variations

The width shall not vary from the specified value by more than a^ in.

The thickness shall not vary from the specified value by more than 0.003 in.

11. Measurement of Thickness

The thickness shall be measured with a micrometer graduated to 0.001

in. having a circular foot, 0.24 to 0.26 in. in diameter, and with a pressure

on the specimen of not less than 8 oz. or more than 10 oz. Four measure-

ments shall be made at random in a length of not less than 3 ft. and no

measurement shall be outside the limits prescribed in Sections 9 and 10.

(V) PACKING AND MARKING
12. Packing

Each roll shall be wrapped in paraffined paper or metal foil and

enclosed in a suitable box. The wrapping shall be secure and shall thor-

oughly protect the contents.

13. Marking

Each box shall be marked with the name of the manufacturer or

trade mark and the nominal width and weight of the tape.

(VI) INSPECTION AND REJECTIONS

14. Time of Inspection

The tape shall be tested and inspected within four weeks of the date of

delivery.

15. Retest and Rejection

If the tape fails in any one test of those prescribed in these specifica-

tions, two additional specimens shall be taken and submitted to that test.

If either of these two additional specimens fails, the. lot of tape represented

by that sample roll shall be rejected.

Approved for the Committee on Electricity,

By Edwin B. Katte, Chairman.

Approved by the Representatives of the

Electrical and Telegraph and Telephone Sec-

tions and the Mechanical Division, October

20, 1926.
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Appendix I

(9) STANDARDIZATION OF INSULATORS

F. D. Hall, Chairman, Sub-Committee; B. F. Bardo, Vice-Chairman, Sub-

committee; J. V. R. Duer, K. J. Necdhain. M. Sclircihcr. H. M.

Warren, G. I. Wright.

Assignment

(1) Revise and keep up to date the Insulator Specifications recently

adopted.

(2) Consider the tensile strength of strain type insulators as measured

over a short period of time as compared with the tensile strength as meas-

ured over a long period of time.

Action Taken

(1) The revision of the Insulator Specifications has been considered

but the Committee does not recommend a revision of the Specifications at

this time.

(2) The Committee undertook to secure data from the manufacturers

on the subject of comparative long time strength. Owing to the limited

amount available the Committee was unable to secure data of importance

sufficient to be presented at this time.

Conclusions

That the report be accepted as a progress report and that the subject

be continued.

Appendix J

(10) CLEARANCES FOR THIRD RAIL AND OVERHEAD
WORKING CONDUCTORS

H. M. Bassett, Chairman, Sub-Committee ; C. G. Winslow, Vice-Chairman,

Sub-Committee ; F. Auryansen, D. J. Brumley, F. D. Hall, A. E. Owen,

W. M. Vandersluis.

In accordance with the usual practice of reporting every other year, no

Report is submitted by the Committee this year.

Conclusions

That the work be continued and next year the Third Rail Tables be

extended to include data showing the location of the third rail above the

plane of the running rail and beyond the gage line.
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Appendix K

(11) PROTECTION OF OIL SIDINGS FROM DANGER DUE
TO STRAY CURRENTS

J. V. B. Duer, Chairman, Sub-Committee; S. Withington, Vice-Chairman,

Sub-Committee.

There have been no new developments with regard to the Rules for the

Protection of Oil Sidings from Danger Due to Stray Currents during the

past year requiring any action on the part of this Sub- Committee.

Conclusions

That the report be accepted as a progress report and the subject

continued.

Appendix L

(12) SPECIFICATIONS FOR TRACK AND THIRD RAIL
BONDS

J. H. Davis, Chairman, Sub-Committee
; J. V. B. Duer, Vice-Chairman, Sub-

Committee; F. Auryansen, E. B. Katte, A. Knapp, J. T. Seaver, W. M.

Vandersluis, L. S. Wells, R. P. Winton, S. Withington.

The report of last year was the first submitted on the subject of

bonding and was continued this year with a view to

:

1. Developing a standard specification for measurement of bond

resistance.

2. Securing data on current carrying capacity of bonds.

3. Study of details of bond design with a view to developing specifica-

tions covering the different classes of bonds.

4. The effect of heat of welded lx)nds on track rails, co-oi)erating with

the Rail Committee.

5. Means of attaching bonds to manganese track rails.

A STAXD.ARn Specifuatiox for Measurkment of Stud Terminal
Bond Resistance has been developed but it yet remains to develop the nec-

essary data covering welded bonds.

Current Carrying Capacity of Bonds.—Some preliminary tests have

been made on the current carrying capacity of bonds but the results are

not conclusive. The development of the welded type of bond which permits

of current densities very much higher than mechanically applied bonds

makes it necessary to give this subject further consideration.

A Study of the Details of Bond Design- with a View to Develop-

ing Specifications has been undertaken and a questionnaire will be issued

to the bond manufacturers for their recommendations for the guidance of

the Sub-Committee in its further study of this subject.
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The Effect of Heat of Welded Bonds on Track Rails has been

the subject of joint meeting with Sub-Committee No. 6 of the Rail Com-

mittee. The Committee on Electricity passed the following resolution

:

"The Electrical Section looks with favor upon the extended
use of welded track bonds attached to the side of the head of the

rail by electric or gas weld process and asks the advice of the

Rail Committee if there is any objection on their part to such

method of track bonding for traction purposes."

In response to this resolution Mr. Earl Stimson, Chairman of the Rail

Committee, advises that the matter has not yet been acted upon by the

Rail Committee. This subject will be continued and complete report will

be made as soon as the Rail Committee has acted upon the resolution

above referred to.

Means for Attaching Bonds to Manganese Rails.—Some progress

has been made on this and the subject will be continued with a view to

inclusion in next year's report.

Conclusions

That the report be accepted as progress and the subject continued,

with especial reference to: (1) Developing standard specifications for

measurement of welded bond resistance; (2) Securing data on current

carrying capacity of bonds; (3) Study of details of bond design and

practice for the purpose of determining to what extent standardization is

possible without interfering with the progress of the art with a view of

developing specifications covering the different classes of bonds; (4) Means

for attaching bonds to manganese track rails.

Appendix M

(13) ILLUMINATION

E. B. Katte, Chairman, Sub-Committee; R. J. Needham, Vice-Chairman,

Sub-Committee; R. Beeuwkes, L. S. Billau, H. A. Currie, J. V. B.

Duer, F. D. Hall, C. B. Martin, J. L. Minick, A. E. Owen, J. H.

Van Buskirk, S. Withington, A. H. Woollen.

The title of this Committee was changed from Specifications for

Incandescent Lamps to Sub-Committee on Illumination and its scope was

extended to include Flood Lighting for Classification Yards and for Other

Railroad Purposes.

The Committee has reviewed and revised the Tungsten Lamp Schedule

as now appears in the Manual with the view of suggesting one Schedule

of Lamps acceptable to the Operating, Engineering and Mechanical

Divisions of the American Railway Association. The revised Schedule was

submitted to the Telegraph and Telephone Section, the Signal Section and
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the Mechanical Division for consideration. It is believed that the revised

schedule is more acceptable than the one now in use and will be of more

assistance to the Purchasing Agents of the various railroads than the

existing standards.

A Sub-Committee on Flood Lighting was appointed, which Sub-Com-

mittee outlined the following work program

:

(1) Collection of available data on Yard Lighting and methods
employed by manufacturers of Flood Lighting Equipment in laying

out installations of Yard Lighting.

(2) After collection of data develop a method to be used
in laying out a system of Yard Lighting.

(3) Transmission line construction and control of lighting

in yards.

Conclusions

That the accompanying Schedule of Incandescent Lamp Standards

—

1926 be accepted as recommended practice and substituted for the one now
in the Manual, and the subject continued.
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(Revised October 8, 1926)

INCANDESCENT LAMP STANDARDS—1926

Schedule approved bv the Klcctiical Section, ( ><i(il)er 21, ]'>2u; by the Signal Section,
December 13, 1926, and by the Telegraph ami Iclcplume S.ctinn. \nv<-inher 26, 1926.

Watts
15
25
*40
50
60
75

100
150
200
300
500
750
1000

General Lighting Service

Voltages
110, 115, 120, 125

110, 115, 120, 125

110, 115, 120, 125

110, 115, 120, 125

110, 115, 120, 125

110, 115, 120, 125

110, 115, 120, 125

110, 115, 120, 125

110, 115, 120, 125

110, 115, 120, 125

110, 115, 120, 125

110, 115, 120, 125

110, 115, 120, 125

Bulb
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The following inside frosted lamps are now in regular production. It

is expected that they will supersede the above indicated lamps (*) and their

use therefore is encouraged.

Watts
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The 3 and 6 C. P. lamps can be used for sign, marker and auxiliary

lighting.

Signal Lamp Service

Amperes Volts Bulb Base Filament

.3 3.5 S-11 S. C.Bay Cand. C-2

.25 8.0 S-11 S.C.Bay Cand. C-3

.25 10.0 S-11 S.C.Bay Cand. C-3

.25 12.0 S-11 S.C.Bay Cand. C-3

.25 13.5 S-11 S.C.Bay Cand. C-3

Signal lamps shall conform to A.R.A. Signal Section Plan 1544.

Appendix N

(14) DESIGN OF INDOOR AND OUTDOOR SUBSTATIONS

J. V. B. Duer, Chairman, Sub-Committee; W. M. Vandersluis, Vice-Chair-

man, Sub-Committee; B. F. Bardo, L. S. Billau, C. L. Doub, J. C.

Davidson, C. P. Ferguson, H. C. Griffith, J. S. Hagen, C. B. Martin,

H. Pattison, H. W. Pinkerton, J. E. Sharpley, J. J. Skelly, L. S.

Wells, R. P. Winton, S. Withington, G. I. Wright.

The program of work for this Committee was outlined as follows

:

1. Determine conditions affecting selection of indoor and outdoor type

of station.

2. Determine applicability of various methods of controlling sub-

station and equipment as follows

:

(a) Manual control

(b) Remote control

(c) Supervisory control

(d) Semi-automatic control

(e) Automatic control

3. Study and report on present development and major considerations

in selection of

:

(a) Circuit breakers—Normal and high speed AC and DC
(b) Air break switches

(c) Transformers—Self-protecting, Air-cooled, Oil-cooled, Oil-

insulated-water-cooled

(d) Synchronous converters, motor generators, synchronous con-
densers, static condensers, mercury rectifiers

(e) Protective devices

:

a—Relays
b—Lightning arresters

(f) Meters and meter transformers

4. Design best fitted to obtain a maximum of safety and continuity

of service during maintenance and repairs, and operation.
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5. Miscellaneous important questions :

(a) Tabulation of minimum clearances between conductors, and
conductors to ground for various voltages, both indoor and
outdoor

(b) Tabulation of adequate insulation, phase to phase and phase

to ground, for various voltages, both indoor and outdoor
(c) Study of permanent and emergency grounding practices

(d) Study of possibilities in unit type of construction as applied to

substations

Three Sub-Ci^nmiittccs were appointed to report on the subjects given

in lliis outline.

Sub-Committee No. 1 of Committee No. 14

Assignment of Duties

The work of this Committee covers two subjects, first, to determine

the conditions affecting the selection of indoor or outdoor type of sub-

station, and second, to determine the applicability of various methods of

controlling substation equipment.

Action

The Sub-Committee feels that, among the conditions which have a

bearing on the selection of the indoor or outdoor type of substation,

there are two major conditions to be given consideration: first, the location

of the substation with respect to surrounding property, as well as the

character of such property; second, the character of apparatus which the

substation is to accommodate.

If a substation is located in a thickly populated district, considerations

of safety to the public and of protection from malicious or accidental

damage to equipment may well dictate a completely enclosed station. In

more remote districts, an outdoor type, with consequent economies in

design, may be employed. Rectification machines and switchboard and

control equipment at present may be more adequately and economically

protected by housing in a building rather than by the use of individual

weatherproof covers. For such equipment, therefore, an indoor station is

a necessity. High tension non-rotating equipment, that is, transformers, oil

circuit breakers, lightning arresters, disconnecting switches, horn gap

switches, may usually be more economically installed in an outdoor station.

It is possible, however, that in mountainous country, the cost of an outdoor

station, due to the physical characteristics of the country, would, due to its

somewhat more extended area, be greater than that of an indoor station. If

the considerations incident to the station site permit, therefore, the natural

substation design is a combination of indoor and outdoor types with all high

tension equipment, buses, and connections outdoors.

With a direct current traction system, the indoor type may predominate,

depending upon the balance between the amount of rectification, switchlxiard

and control equipment, and high tension circuits and apparatus to be accom-
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modated. With an altornatiui; current system, the outdoor type will pre-

dominate, with a small building for housing low voltage control equipment.

Concerning the applicability of various methods of controlling sub-

station equipment, the Sub-Committee finds that, in general, a combination

of manual and remote control is the prevailing method of handling both

indoor and outdoor substation equipment. High tension oil circuit breakers

are usually handled by remote control from a central switchboard, whereas

disconnecting switches and horn-gap switches are usually handled manually,

either by means of a wood stick or by a mechanism permanently attached

to the switch and manually operated from a remote point.

It is, however, a fact that in recent years the use of automatic control

and semi-automatic control has grown considerably and both systems of

control have lent themselves readily to the application of a system of

supervisory control. The present tendency in both types of substations is

to the installation of a system of control which may be operated either

automatically, semi-automatically, or through the medium of supervisory

control from a central point, which is of a more complicated type with

rotating machinery than with non-rotating.

It is the Committee's opinion that, while manual and remote control are

at present the predominant methods utilized in handling substation equip-

ment, these methods of control are gradually giving place to automatic,

semi-automatic and supervisory control from a central point.

The Sub-Committee submits this report as a reix)rt of progress and

recommends that its work be continued for the following year.

Sub-Committee No. 2 of Committee No. 14

Assignment of Duties

Study and report on the present development and major considerations

in the selection of the following equipment

:

Circuit breakers, air break switches, transformers, synchronous con-

verters, motor generators, synchronous condensers, static condensers,

mercury arc rectifiers, relays, lightning arresters, meters and meter trans-

formers.

Action

At the present time the circuit breakers utilized for railway service

may be divided into two general classes, namely, alternating current and

direct current, and each of these classes may in turn be divided into two

general classes, namely, high voltage and low voltage. The latter classes

are, of course, relative only.

Taking first the alternating current breakers. It may be said that the

experience of the railroads with alternating current breakers of voltages

above what may be known as the 11,000 volt range is confined largely to

breakers in the 33,000, 44,000, 66,000 and 88,000 volt classes and that this

experience is comparatively limited as compared with the experience with

circuit breakers in the 11,000 volt range, in which may be included prac-
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tically all the circuit breakers for the A.C. portion of rotary converter

substations, as well as the trolley circuit breakers on those roads operating

with single phase alternating current.

In the selection of breakers for operation on alternating current, dif-

ferent conditions prevail, depending upon whether the circuit breakers arc

desired for use on what is termed "transmission line circuits" or whether

they are selected for use on what are generally termed "trolley circuits."

Where the circuit breakers are to be utilized on transmission line circuits,

the fundamental requirements are ample capacity, as determined by the

characteristics of the system to which the breakers connect, adequate design

to insure low maintenance costs and suitable insulation and adequate creep-

age distances for the voltages involved. When selecting circuit breakers

for alternating current trolley circuits, it may be said that all the above

characteristics are necessary, in addition to which the circuit breaker should

completely open the circuit in the minimum amount of time, which, owing

to the large capacities involved and the high conductivity of the circuits

with which the circuit breakers are used, involves careful selection and

design to insure that the circuit breaker will meet the requirements. In

addition to this, the circuit breakers utilized in connection with trolley

circuits should have the ability to repeatedly open short circuits without

the necessity of inspection or repair to the breaker. This requirement

is not so necessary in those circuit breakers utilized for transmission line

service where the service may be considered, in this respect, less severe.

Taking now the question of direct current circuit breakers: It may
be said that these breakers may be divided into the so-called 600 volt

range and the higher ranges of 1500 and 3000 volts. Both of these classes

of circuit breakers are utilized in connection with high capacity circuits

and the important considerations governing their use are almost identical.

They should have ample capacity, adequate insulation and be so designed

as to insure low maintenance costs. They should, furthermore, be capable

of rupturing the circuit in the minimum time and should also have the

capacity for continuous repetition of operation under short circuit conditions

without the necessity for inspection or repair. The use of the high speed

tyi>e of breaker is rapidly increasing for both machine and feeder pro-

tection.

Insofar as air break switches are concerned, the Committee under-

stands that this designation refers to those switches utilized in high tension

circuits which are not required to open the circuit under load and it may
Ix; said that the fundamental necessities in the selection of these switches

are reasonable space requirements, ruggcdness of design, adetjuate insulation,

provisions for remote manual control, means for easy replacement of

repair parts, and reliability »f operation under all weather /conditions.

Taking the question of transformers, the division given to the Com-
mittee is as follows : Self-protecting, air-cooled or air-blast, oil-insulated-

self-cooled, oil-insulated-water-cooled. Transformers of the self-protect-

ing type are usually utilized and are most necessary as the step-down
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transformers in substations feeding an alternating current trolley circuit.

They are usually of the oil-insulated-sclf-cooled or oil-insulated-water-

cooled type. Forced-air-cooled transformers are seldom used for this

service, the preference being for the self-cooled transformer such as an

oil-cooled transformer with outside radiators or oil-insulated-water-cooled

transformers. The oil-insulated-water-cooled transformer usually is selected

where the price of water is unimportant, freezing improbable, and space

requirements or other considerations prevent the use of a self-cooled trans-

former.

Air-blast transformers are usually used in connection with the rotating

equipment in manually operated substations devoted to supplying current

to the direct current trolley. Such equipment is usually in an indoor

substation and motor operated blowing equipment is installed for the purpose

of furnishing the air cooling. Conditions of space, cost, and elimination

of oil usually control the selection of air-blast transformers.

Oil-insulated-self-cooled transformers are usually selected where space

conditions are not a factor and where the equipment is subject to little

supervisory inspection, as this type transformer is probably the most fool-

proof of the various types.

Oil-insulated-water-cooled transformers are usually selected where both

considerations govern, namely, saving in space and cost, as the oil-insulated-

water-cooled transformers can be installed in less space and are cheaper

than the oil-insulated-self-cooled transformers. However, the cost of water

is an important feature and where it cannot be obtained at a low cost, or

where possibilities of freezing of the water exist, the oil-insulated-self-

cooled transformer can be utilized to good advantage.

Synchronous converters, motor generators and mercury arc rectifiers

are all utilized for converting alternating current to direct current.

Synchronous and static condensers are utilized for the purpose of

improving the power factor on an alternating current distribution system.

Motor generators are also utilized to some extent for improving the

power factor and are also used for changing direct current to alternating

current where this is necessary.

All of these machines have, at the present time, reached a high stage

of development with the possible exception of the mercury arc rectifier,

which, as far as use for traction current is concerned, is in a somewhat

experimental stage in this country, although its application to this use

is steadily increasing.

It may be said that any of the above types of apparatus may l)e

selected and will operate satisfactorily if careful consideration is given

to the purpose for which it is desired.

Synchronous converters are of high efficiency. They convert alternat-

ing current at practically unity power factor to direct current and they

are relatively an inexpensive means of accomplishing this result. They
arc not, at the present time, adaptable for converting alternating current

to direct current at voltages higher than 1500 volts.
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Motor generators are utilized for convertinj.': alternating current of one

frequency to alternating' current of another frequency, for converting alter-

nating to high voltage direct current, and for converting direct current to

alternating current. If selected for any of these purposes, they will give

good operating results and will operate at high efficiency. If the motor

is of the synchronous type, a motor generator set may also be used for

power factor correction. In general, they are heavier and more expensive

than the synchronous converter. Modern motor generators are of great

reliability and, if selected with due regard for the service, may be depended

upon to give good operating results.

The mercury arc rectifier is utilized for changing alternating current

to direct current. It has reached considerable success abroad, but at the

present time in this country is not largely used for railroad traction

circuits. Several installations have been made and it presents a promising

development for the future, especially where high voltage direct currents

are desired.

Synchronous condensers and static condensers are utilized to improve

the power factor of alternating current distribution circuits with resulting

improvements in regulation of these circuits. At the present time, the

synchronous condenser is probably the less expensive of the two pieces

of apparatus and requires less space, but involves maintenance cost and

attendance which are not necessary with the static condensers. The static

condenser, however, at the present time, is not used in high current capacity

installations to which the synchronous condenser is usually devoted.

Taking up now the question of protective devices, it may be said that

relays for controlling the functioning of electrical apparatus ha\'« reached

a high state of perfection and may, in general, be secured for any purpose

desired. The question, however, of controlling through relays the action

of high speed alternating current breakers is still a subject which requires

considerable thought and investigation and has not, at present, reached the

point which may be considered entirely satisfactory. In other words, the

period of time of action of the high speed breaker has reached the point

where the action of the relay is now the major instead of the minor portion

of the total time and differential protection by the use of relays is, there-

fore, more difficult to secure with the high speed breaker. Doubtless the

relays will soon be developed to a point where this diflferential action can

again be secured.

In regard to lightning arresters, these may l)e divided into two general

classes, the gap type and the valve type.

Lightning arresters used on direct currents, insofar as substation equip-

ment is concerned, are almost all in use on high voltage direct current

circuits, as the general practice in railroad electrification is to utilize third

rail for the 600 volt direct current circuits, and it is not the custom to

provide lightning protection on direct current circuits with such an installa-

tion. With the higher voltage direct current circuits, however, where
lightning protection is necessary, due to the fact that they use, in most
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cases, an overhead trolley wire, both the gap type and the valve type are

used with the electrolytic valve type predominating.

Insofar as lightning arresters on alternating current circuits are con-

cerned, the three following varieties of the valve type of arrester are in

general use: The so-called electrolytic lightning arresters, the oxide film

type and the auto-valve type.

The electrolytic type is probably at the present time in most general

use and has proven very satisfactory in service. Its disadvantages are

that it requires practically daily attention and that repairs when necessary

are expensive to make; furthermore, its first cost is high.

During the last few years, the so-called oxide film and auto-valve

types of arresters have been developed in competition by two of the major

electric companies. Numerous installations have been made and they both

give promise of great usefulness. Both of these types are low in first

cost, require little, if any, maintenance and are relatively inexpensive to

replace. It is felt that the selection of either of these types of lightning

arresters would probably give adequate protection for alternating current

circuits.

Meters and meter transformers are of three general classes : those to

indicate potential, those to indicate current and those to indicate power

consumption. In addition to these may be mentioned several others, such

as power factor meters, reactive component meters, temperature indicating

meters, etc. These meters in turn must be divided into those operating

on alternating current and those operating on direct current. The proper

metering of an electric installation may be said to depend largely on two

general requirements, first, the adequate indication of what is going on in

the circuits for the benefit of the operator of the substation; second, the

securing and retention of information as to such operation for the benefit

of the officer operating the electrification. In other words, it is not only

necessary to indicate to the operator on the ground the condition of the

circuits, but also to retain such information in the form of records for

the operating official.

Each electrification presents its own problems and each operating official

must decide for himself the question of what meters he must have.

The increasing use of supervisory and remote control has developed

the necessity for transferring indication of meters from the point of utiliza-

tion and this need is being met satisfactorily and is developing continually

into better methods of transferring the indication of meters to a central

point.

Sub-Committee No. 3 of Committee No. 14

Duties

Study and report on substation desigrn best fitted to obtain a maximum
of safety and continuity of service during maintenance, repairs and opera-

tion.

Compile tabulation of minimum clearances between conductors, and con-

ductors to ground for various voltages, indoor and outdoor.
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Compile tabulation of adequate insulation phase to phase and phase to

ground, for various voltages, indoor and outdoor.

Study and report on iKrniancnt and emergency grounding practices.

Study aiid report on possibilities of unit type of construction as applied

to substations.

Action

Your Committee has given these subjects consideration and feels that,

in so far as items affecting tabulation of clearances, insulation, study of

permanent and emergency grounding practices and study of iK>ssibilities

of unit type of construction as applied to substations is concerned, little if

any progress can be made in this portion of their assignment for submission

in the annual report. They have, therefore, concentrated their efforts on

producing a progress report of the first portion of their subject, namely,

design best fitted to obtain a maximum of safety and continuity of service

during maintenance and repairs, and operation.

There are several factors which affect these particular features in sub-

station operation, the first of which is the selection of the apparatus. It

must of necessity be designed for the maximum of safety in order to give

continuity of service and in turn it must be designed for the maximum
accessibility for maintenance and repair in order to reduce its period out

of service to the minimum. Assuming that the apparatus in the substation

is so selected, there are then certain features of the substation design which

should be given careful consideration in order to insure these same fea-

tures insofar as it is concerned. The maximum of safety and continuity

of service during maintenance and repairs and operation depends, first, on

the placing of the apparatus in the substation and its easy accessibility

;

second, on the ease with which a piece of apparatus can be cut out of

service, either automatically or manually, in case of trouble, and third, the

placing of the other apparatus in the substation so that it will interfere as

little as possible with accessibility to tlie damaged apparatus, both for

maintenance and repairs.

Where a substation is of the indoor type, careful consideration sliould

be given to the location of the apparatus with respect to accessibility, both

for attention by a repairman, as well as for a crane or hoist, or other

mechanical means of removing it if it becomes necessary, without inter-

fering in any way with adjacent apparatus necessary for the continued

operation of the station while the damaged equipment is being removed.

Furthermore, attention should be given to see that repairmen working on

apparatus do not have to cut out of service other apparatus necessary for

the operation of the station, due to its close proximity to the workman,

and consequent hazard to him if left alive while he is working on the

damaged equipment.

These two considerations are of vital importance in the design of any

station, whether it be indoor or outdoor, and are particularly important

in outdoor substations where the repairmen must of necessity work under

all weather conditions and are not, therefore, as well able to do careful
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work as is the case in a building where they are protected and are working

under more advantageous conditions. After these considerations are taken

care of, the next most important question is to provide adequate spare

machinery • to take care of the normal operation of the station during

repair or replacement of a defective unit and to so install such spare equip-

ment that it may be easily and quickly placed in service and may also be

easily and quickly repaired when repairs become necessary.

Careful consideration should also be given to an adequate insulation

and separation of circuits, both by spacing and by the installation of bar-

riers, so that a workman repairing one circuit may be exposed as little

as possible to danger from flashes or other trouble on adjacent circuits

which are not necessarily so close as to necessitate cutting out and ground-

ing.

The above paragraphs include, in the opinion of your Sub-Committee,

major items to be considered in the design of outdoor and indoor sub-

stations in order to provide adequately for continuity and safety of opera-

tion in the station layout.

Summary

The above report gives a general outline of the subject "Design of

Indoor and Outdoor Substations" and states the present status of the

subjects listed under the program of work for this Committee.

Conclusions

That this report be accepted as a progress report and the work con-

tinued along the lines as given under the program for work for this

Committee.

That an additional item be included as item "(e)" under Division No. 5

of the program of work for this Committee—Ventilation of Substations.
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STATE REPRESENTATIVES AND ALTERNATES

Representing the Committee on Electricity, Relative to Wire and Cable

Crossings Over Railways

Note: The first name is the State Representative. The second name
is the Alternate.

Alabama
H. S. Jones, Valuation Engineer, Gulf, Mobile & Northern, Mobile

R. A. Goldthwaite, Roadmaster, Louisville & Nashville, Montgomery

Arizona

P. T. Robinson, Division Engineer, Southern Pacific Co., Tucson

R. C. Kline, Division Engineer, Santa Fe, Winslow

Arkansas

W. H. Vance, Assistant Engineer, Maintenance of Way, Missouri

Pacific, Little Rock

H. J. Armstrong, Chief Engineer, Missouri & North Arkansas, Har-

rison

California

W. H. Kirkbride, Engineer Maintenance of Way & Structures, South-

ern Pacific, San Francisco

Paul Lebenbaum, Assistant Electrical Engineer, Southern Pacific, San

Francisco

Colorado

Arthur Ridgway, Chief Engineer, Denver &. Rio Grande Western, Den-

ver

R. C. Gowdy, Chief Engineer, Colorado & Southern, Denver

Connecticut

S. Withington, Electrical Engineer, New York, New Haven & Hartford,

New Haven
W. T. Dorrance, Designing Engineer, New York, New Haven & Hart-

ford, New Haven
Delaware

J. C. Wrenshall, Engineer Maintenance of Way, Reading Company,
Reading, Pa.

A. J. Penrod, Jr., Signal Supervisor, Baltimore & Ohio, Wilmington
Florida

H. N. Rodenbaugh, Vice-President, Florida East Coast, St. Augustine

C. M. Cannon, Division Engineer, Seaboard Air Line, Arcadia

Georgia

W. A. Spell, Engineer Maintenance of Way, Atlanta, Birmingham &
Atlantic, Atlanta

S. R. Young, Assistant Chief Engineer, Atlanta & West Point, Atlanta

Idaho

L. W. Althof, Division Engineer, Oregon Short Line, Pocatello

J. H. Smith, Division Engineer, Oregon Short Line, Pocatello
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Illinois

G. I. Wright, Assistant Electrical Engineer, C.T.I., Illinois Central,

Chicago

Robert H. Ford, Assistant Chief Engineer, Rock Island, Chicago

Indiana

J. W. Burt, Division Engineer Maintenance of Way, Big Four, Indian-

apolis

M. V. Hynes, General Superintendent, Chicago, Indianapolis &. West-

ern, Indianapolis

Iowa
F. W. Thompson, Division Engineer, Rock Island, Des Moines

W. E. Heimerdinger, Division Engineer, Rock Island, Cedar Rapids

Kansas

T. S. Stevens, Signal Engineer, Santa Fe, Topeka

C. C. Cunningham, Division Engineer, Rock Island, Herington

Kentucky

C. F. Burrell, Engineer Maintenance of Way, K. & I. Terminal, Louis-

ville

J. F. Burns, Assistant Engineer, Maintenance of Way, Louisville &
Nashville, Louisville

Louisiana

J. W. Kern, Jr., District Engineer, Illinois Central, New Orleans

H. E. Chalstrom, Assistant Engineer, Illinois Central, New Orleans

Maine
F. D. Hall, Electrical Engineer, Boston & Maine, Boston, Mass.

Murdock Sutherland, Signal Engineer, Maine Central, Brunswick

Maryland

J. H. Davis, Chief Engineer Electric Traction, Baltimore & Ohio,

Baltimore

E. G. Lane, Engineer Maintenance of Way, Baltimore & Ohio, Balti-

more

Massachusetts

F. D. Hall, Electrical Engineer, Boston & Maine, Boston

J. C. Irwin, Valuation Engineer, Boston & Albany, Boston

Michigan

C. G. Winslow, Assistant Electrical Engineer, Michigan Central, De-

troit

G. C. Tuthill, Bridge Engineer, Michigan Central^ Detroit

Minnesota

S. W. Law, Assistant Signal Engineer, Northern Pacific, St. Paul

E. A. Whitman, Chief Engineer, Soo Line, Alinneapolis

Mississippi

H. J. Rhodes, Roadmaster, Illinois Central, Vicksburg

T. M. Pittman, Jr., Roadmaster, Illinois Central, Water Valley

Missouri

H. Austin, Bridge Engineer, Mobile & Ohio, St. Louis

S. L. Wonson, Assistant Chief Engineer, Missouri Pacific, St. Louis
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Montana
R. Beeuwkes, Electrical Engineer, Chicago, Milwaukee & St. Paul,

Seattle, Wash.

F. J. Taylor, Division Engineer, Northern Pacific, Livingston

Nebraska

F. W. Pfleging, Signal Engineer, Union Pacific System, Omaha

W. H. Eiker, District Engineer, Chicago, Burlington & Quincy, Lincoln

Nevada
H. J. Beem, Superintendent, Western Pacific, Elko

John Reddy, Roadmaster, Southern Pacific, Sparks

New Hampshire
F. D. Hall, EJectrical Engineer, Boston & Maine, Boston, Mass.

J. H. Gallivan, Division Engineer, New York, New Haven & Hartford,

Boston, Mass.

New Jersey

A. E. Owen, Chief Engineer, Central of New Jersey, Jersey City

G. Eisenhauer, Electrical Engineer, Eric, New York City

New Mexico

J. W. Brozo, Division Engineer, Southern Pacific, San Marcial

A. B. Truman, Division Engineer, Santa Fe, Las Vegas

New York
L. S. Wells, Electrical Superintendent and Superintendent Telegraph,

Long Island, New York City

F. Boardman, Assistant Terminal Manager, Grand Central Terminal,

New York Central, New York City

North Carolina

F. W. Brov^m, Assistant to General Manager, Atlantic Coast Line,

Wilmington

A. M. Griffin, Architect, Atlantic Coast Line, Wilmington

North Dakota

S. H. Knight, Office of Assistant Engineer, Northern Pacific, James-

town

H. E. Yeomans, Assistant Engineer, Great Northern, Grand Forks

Ohio

G. Eisenhauer, Electrical Engineer, Erie, New York City

G. H. Tinker, Bridge Engineer, New York, Chicago & St. Louis,

Cleveland

Oklahoma
F. T. Beckett, Engineer Maintenance of Way, Rock Island, El Reno

C. E. Hartvig, Assistant Signal Engineer, Rock Island, El Reno

Oregon
R. C. Charlton, Signal Engineer, Oregon-Washington Railroad & Navi-

gation Company, Portland

W. E. Burkhalter, Assistant Engineer, Oregon-Washington Railroad &
Navigation Company, Portland

Pennsylvania

Clark Dillenbeck, Chief Engineer, Reading Company, Philadelphia

E. L. Hoopes, Division Engineer, Pennsylvania Railroad, Harrisburg
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Rhode Island

S. Withington, Electrical Engineer, New York, New Haveii & Hart-

ford, New Haven, Conn.

J. S. Ruff, Division Engineer, New York, New Haven & Hartford,

Providence

South Carolina

W. J. Gooding, Division Engineer, Seaboard Air Line, Charleston

C. J. Kelloway, Signal Superintendent, Atlantic Coast Line, Wilming-

ton, N. C.

South Dakota

J. E. Hills, Superintendent, Chicago, Milwaukee & St. Paul, Aberdeen

R. C. Dueland, Assistant Signal Supervisor, Chicago, Milwaukee & St.

Paul, Webster

Tennessee

Hunter McDonald, Chief Engineer, Nashville, Chattanooga & St. Louis,

Nashville

G. F. Blackie, Assistant Chief Engineer, Nashville, Chattanooga & St.

Louis, Nashville

Texas

R. H. Gaines, Engineer Maintenance of Way, Texas & Pacific, Dallas

K. H. Hanger, Engineer Maintenance of Way, Missouri-Kansas-Texas,

Dallas

Utah
R. K. Brown, Superintendent & Chief Engineer, Salt Lake & Utah,

Salt Lake City

B. H. Prater, Assistant Chief Engineer, Oregon Short Line, Salt Lake

City

Vermont
L. G. Morphy, General Superintendent, Rutland Railroad, Rutland

P. D. Fitzpatrick, Chief Engineer, Central Vermont, St. Albans

Virginia

R. P. Winton, Catenary Elngineer, Norfolk & Western, Bluefield,

W. Va
E. M. Hastings, Chief Engineer, Richmond, Fredericksburg & Potomac,

Richmond

Washington
R. Beeuwkes, Electrical Engineer, Chicago, Milwaukee & St. Paul,

Seattle

W. J. Bennett, Assistant Engineer, Great Northern, Seattle

West Virginia

R. P. Winton, Catenary Engineer, Norfolk & Western, Bluefield

C. M. McVay, Division Engineer, New York Central (Ohio Central

Lines), Charleston

Wisconsin

B. R. Kulp, Division Engineer, Chicago & Northwestern, Madison
W. H. Stedje, Resident Engineer, Soo Line, Superior

Wyoming
N. P. Nelson, Division Ejigineer, Chicago, Burlington & Quincy, Casper

W. G. Lowther, Division Engineer, Union Pacific, Cheyenne
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Committee.

To the Americmi Raihvay Engineering Association:

Your Special Committee on Standardization submits the following infor-

mation as its annual report for the year 1926-1927.

As no instructions for the guidance of the Committee were included

in the list issued by the Board of Direction, meetings were held May 26,

1926, for the members to have a common understanding of the work which

might be expected of it, and at a meeting December 10, 1926, the accom-

panying report was agreed upon.

The first report of the Committee was made in 1920, Proceedings,

A.R.E.A., Vol. 21, in which were quoted the instructions approved by the

Board Committee on Outline of Work as follows

:

"1. Request appropriate committees to each select one or more
articles for standardization, with instructions to harmonize the
views of the railroads and manufacturers as much as practicable,

and to prepare plans and specifications of as few sizes as will

meet the needs of the railroads.
"2. Secure the general use by the railroads of the standards

and specifications, bringing about a realization of all possible

economies of cost and time.

"Subsequently the Board of Direction instructed the Committee
to confine its efforts to the general adoption by railroads of the
standards and recommendations shown in the Manual, and to

formulate suggestions for bringing about a realization of all pos-
sible economies of cost and time."

For the work to be reported upon for the 1921 convention tiie in-

structions to the Committee were as follows :

"1. Review at once, plans and specifications heretofore adopted
and suggest to the Committee on Outline of Work a list of
recommendations which interest more than one coniniittoe or of

which further study ought to be made in the interest of improving
such plans and specifications with a view of having the Com-
mittee on Outline of Work issue specific instructions to the several

Bulletin 291, November, 1926. •Members of the First Committee.
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committees to undertake certain of this work during the coming
year. The purpose of this being the development of minimum
specifications for as many items of standard railway materials
as possible, not only in the interest of economy and better materials,

but to insure the fullest measure of competition.
"2. Endeavor to secure the more general use by railways of

the specifications, standards and recommendations of the Associa-
tion, as a means of saving time and monej'.

"3. Submit as suggested work for each committee for the 1921
outline of work definite recommendations for minimum specifica-

tions for specified items of standard railway materials."

No subjects were assigned to the Committee in the Bulletin containing

the outline of work and personnel of committees for the work which would

be reported upon at the 1922 convention, but the following instructions were

approved by the Committee on Outline of Work of the Board of Direction

:

"Select articles, the standardization of which will benefit the

consumers and the producers. Request the Committee on Outline of

Work to have plans and specifications, if required, prepared by
the appropriate standing committee and calling for as few sizes

and types as will meet the needs of the consumers. Handle until a

satisfactory design is obtained and promote its adoption by the roads

and producers."

At all of these conventions and again in 1923 and 1924 there was long

discussion by many members concerning the work of this Committee.

It is evident that there was a general lack of appreciation of the work

involved if the varied instructions of the Board of Direction and its Com-
mittee on Outline of Work were literally carried out. The magnitude of

the work involved is so great that the Committee was virtually swamped

and unable to comply with the directions.

Nevertheless, in Proceedings, A.R.E.A., Vol. 22, a list of 40 articles

as suitable for consideration was given, and again in Proceedings, A.R.E.A.,

Vol. 23, 5 subjects were recommended by the Committee for submission

to- the American Engineering Standards Committee as a basis for stand-

ardization.

One of those subjects, Specifications for Railroad Cross-Ties and

Switch-Ties, has been adopted during the present year as American Standard

by the American Engineering Standards Committee, under the sponsorship

of the A.R.E.A. and the Forest Service of the United States.

Work is now under way under the auspices of the American Engi-

neering Standards Committee on twO of the other projects relating to cast iron

pipes, hydrants and valves, to adhesive tape and rubber insulating tape, and

insulated wires and cables (other than telephone and telegraph).

Nothing appears to have been done concerning tamping bars, tamping

picks, ballast forks and railway lamps, which were the other two projects

recommended.

At this convention there was an excellent amount of discussion upon

the work of the Committee of all of them, and a strong desire of many
was expressed that they should liave more precise knowledge of the work of

the American Engineering Standards Committee, and how the work of our
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own Committee could be organized in the best way. The Chairman gave a

long explanation of the work of the American Engineering Standards

Committee and was questioned many times in regard to it. There was a

great deal of argument, concerning the method of procedure by the Board

of Direction, and the following resolution was passed

:

"Resolved, That whenever a project prepared for or approved
by the proper standing committee is reported to the Board of
Direction of the Association by our Committee on Standardization,

with a recommendation for presentation to the American Engineer-
ing Standards Committee, said Board of Direction be and is herebj'

authorized to, in its discretion, present such project to said American
Engineering Standards Committee with a request for action, this

Association to be a sponsor for such project."

In Proceedings, A.R.E.A., Vol. 24, the Chairman outlined the progress

in standardization in Germany, Great Britain and Canada, and gave a list

of the names of members of our Association represented on Sectional Com-
mittees of the American Engineering Standards Committee projects.

In Proceedings, A.R.E.A., Vols. 26 and 27, there are no reports by

the Committee.

A close perusal of the open discussion on the floor of the annual con-

vention of the reports of 1922, 1923 and 1924 made it evident that more

knowledge of the American Engineering Standards Committee and the

relation of the A.R.E.A. with it, together with a policy of procedure con-

cerning "Recommended Practice," was desirable and even urgent.

The Special Committee on Standardization has undertaken this self-

imposed task, and offers it herewith

:

WHAT IS THE AMERICAN ENGINEERING STANDARDS
COMMITTEE?

1. It is a movement rather than merely a formal federation, a co-

operative movement in which industrial, technical and governmental bodies
are broadening and unifying their standardization work into a consistent

system of national industrial standards.

2. It is the agency or national clearing house through which engineer-
ing and industrial standardization is passing from the second to the third

stage, viz., from standardization by associations, societies and governmental
agencies to standardization on a national scale.

\ 3. The constitutional statement of objects is as follows:

"Section C2.—To provide means by which various organizations

engaged in formulating engineering standards may co-operate with one
another, thus avoiding the duplication of standardization work and the

promulgation of conflicting standards.

"Section C3.—To collect and make accessible to organizations and
individuals information concerning standardization work in the United
States and foreign countries.

"Section C4.—To receive and i>ass upon recommondations for standards
submitted to it by other organizations in accordance with its Rules of

Procedure, with the object of cstablisiiing American Engineering Standards;
but not to formulate standards.

"Section C5.—To promote in foreign countries the knowledge of
recognized American Engineering Standards.
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"Section C6.—To act as the authoritative channel of co-operation in

international engineering standardization."

4. The Committee had its beginnine; on January 17, 1917, at a meet-

ing of a Special Committee appointed jointly by the four national engi-

neering societies and the American Society for Testing Materials for the

formulation of some method of co-operation to prevent duplication in

standardization work and the promulgation of conflicting standards.

The first meeting was held October 19, 1918, and the Member Bodies

were the following

:

American Society of Civil Engineers.

American Institute of Mining Engineers.

American Society of Mechanical Engineers.

American Institute of Electrical Engineers.

American Society for Testing Materials.

5. Since then additions have been made so that there are now 24

Member Bodies, which with the number of representatives are named below.

The term of service is 3 years.

Member Bodies No. of Rcfyresenlatk'cs

American Electric Railway Association 2

American Institute of Architects ^ 1

American Institute of Electrical Engineers 3

American Institute of Mining and Metallurgical Engineers 3

American Mining Congress 1

American Railway Association, Engineering Division 1

American Society of Civil Engineers 3

American Society of Mechanical Engineers 3

American Society for Testing Materials 3

Association of American Steel Manufacturers 1

Electrical Manufacturers' Council

:

Associated Manufacturers of Electrical Supplies 1

Electrical Manufacturers' Club I 3

Electrical Power Club
J

Electric Light and Power Group

:

Association of Edison Illuminating Companies 1
^

National Electric Light Association J

Fire Protection Group

:

Associated Factory Mutual Fire Insurance Companies
National Board of Fire Underwriters I -j

Underwriters' Laboratories
National Fire Protection Association

Gas Group:

American Gas Association

Compressed Gas Manufacturers' Association
[ 3

International Acetylene Association

Safety Group

:

National Bureau of Casualty and Surety Underwriters \ ^
National Safety Council J

Society of Automotive Engineers 3

Telephone Group

:

Bell Telephone System \ o

United States Independent Telephone Association J
U. S. Department of Agriculture 3

U. S. Department of Commerce 3

U. S. Department of the Interior 2

U. S. Department of Labor 1

U. S. Navy Department 3

U. S. War Department 3
The Panama Canal 1
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6. There is an Advisory Committee of Industrial Representatives,

designated at a conference of industrial executives March 30, 1925, as

follows

:

J. A. Farrell, President, U. S. Steel Corporation.
Geo. B. Cortelyou, President, Consolidated Gas Company of New York.

J. W. Lieb, Vice-President, New York Edison Company.
L. F. Loree, President, The Delaware & Hudson Company.
Gerard Swope, President, General Electric Company.

WHAT IS ITS OFFICIAL ORGANIZATION?

7. It has an elected Chairman and Vice-Chairman and Executive
Ci>nimittce from the Member-Bodies, who engage a Secretary not a

member of the Committee.
8. The representatives of the Member-Bodies are known as the Main

Committee.
9. A Co-operating-Body is a national trade association, a technical

socie.ty, a government department or bureau, without financial obligation,

whether represented on the Main Committee or not, interested in standards,

co-operating in the work of the Committee and abiding by its rules.

10. A Sustaining-Member is an organization, firm or individual inter-

ested in the work of the Committee and subscribing directly to its support.

He is entitled to the information service on current developments in indus-

trial standardization work, both in this country and abroad, and is entitled

to make use of it on any special questions which might arise in connection
with its own work. The file now includes complete sets of standards
approved bj^ all the foreign international standardizing bodies, and a great

majority of the standards issued by the important organizations in this

country. About 7,000 standards are now on hand.

WHAT DOES IT COST?
11. The expenditures of the Committee are now at the rate of approxi-

mately $55,000 per annum. Of this only $20,000 is covered by dues of
Membership-Bodies, which are $500 annually for each representative on the

Committee Tvith the exception of the Government Departments, zvhich have
not yet been authorised by Congress to contribute directly towards the

expenses of the Committee. The remainder is made up by voluntary sub-

scriptions of Sustaining-Members and others.

12. The Committee needs additional funds to the extent of not less

than $75,000 per annum.

HOW DOES IT OPERATE?
13. The method of work is simply a systematic plan of co-operation by

which all organizations interested in any particular standardization project

participate

:

(1) In deciding whether the work shall be undertaken at all.

(2) In formulating the standards.

(3) In its ultimate approval as an "American Standard" or a

"Tentative American Standard."
14. It is not an initiating body, and work on a project is under-

taken only on the formal request from a responsible Ixxly, and then only
after the Committee has assured itself that it is the desire of industry

that the work shall go forward.
15. A Special Committee advises the Chairman on the items for the

Agenda of a conference at which it is asked to decide:

(1) Whether the work shall be undertaken.

(2) If so, what its scope shall be.

(3) How the work shall be organized.

(4) How it is to be related to any other work having an important
bearing on it.
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^»««tt«g standard Bobmitft^ to A B
8C (or approral bjr Industrial, tecb-

Dlcal, or goTenim«Dtal body.

RepresentatlTe Committee, com-
posed of representatives designated
by all Interested bodies, organized
by A E S C to consider approval of

standard.

Reconunendatlona on ApprOTal gntv-

mltted to A E S C by repreeentatlre

committee.

8tandnr<Uzatlon Propo*«l by Indoi-
trlBl, tecbolcal, or goTernmentkl
body.

CoofcrcDce of Int«rcat<^ Bodies
called by ABSC to consider pro-
posal and scope of work (or pro-
posal referred to representatlre
committee).

SponBortihlp and Scopo of project,

ae recommended by conference or
committee, acted upon by A E S C.

Bertlonal Conunltte4>, made up ot
representnllves designated by all

Interested bodies, organized by
sponsor.

Mahe-ap and Personnel of sectional

committee approved as to adeQuacy
otf representation.

Standard Drafted by sectional com-
mittee, generally through sub-
committee organization.

Draft Standard put forward for

criticism.

Proposed Standard, after reconsid-
eration by sectional committee, eub-

mtcted through sponsor to ABSC.

Standard Approved by A E S C as American
or Tentative American Standard.

"7 Standard Published by Sponsor.

Development of • Standard under A E S C Procedure

16. The projects are submitted to the Main Committee in either of

two ways

:

...
(1) Submission of standards already developed by an organization

and according to r>roct'dure substantially in conformity with

the Rules of the Committee.

(2) Suggestion by an industrial, technical or Governmental body

that a subject or article should l)e studied for development as

a standard.
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17. The procedure for development of a standard is shown in diagram
form herewith.

18. When an existing standard lias been submitted for approval it

is referred to a small Special Committee of representatives of those bodies

most concerned with the standard under consideration for investigation, and
a notice of such submission is sent to the technical press and to the industrial

associations, and technical lx)dies interested, in order to secure information
regarding the way in which the standard is meeting the needs of industry.

Fifty copies, without charge, must l)e furnished by the body submitting a

standard for approval to the Committee for its use and for exchange with
foreign standardizing bodies. The official rule of procedure is as follows

:

"Section R4.—Any existing standard may be approved by the Main
Committee, if, in its opinion, the standard either has been developed by
an organization and procedure substantially in conformity with these Rules,

or has, by actual practice, proven its right to become a standard. Such a
standard must be submitted by a body qualified to be designated as sponsor
for the standard and must be accompanied by a statement of its scope, a

complete history of its development, and a full statement of the extent of

its use. When an existing standard has been so approved, the Main
Committee shall designate a sponsor or joint sponsors for such standards.

"Section R5.—When an existing standard, submitted as provided in

Section R4, is found to be in conflict with other existing standards, the

American Engineering Standards Committee will use its good offices to

resolve the conflict.

19. A definite report should be rendered by the Special Committee
within 3 months, containing

:

(a) A recommendation for or against the approval of the standard
by the American Engineering Standards Committee as "Tenta-
tativc American Standard" or "American Standard."

(b) A recommendation in regard to scope.

(c) A recommendation as to sponsorship.

(d) Any special recommendations desired.

(e) The names of any members of the Special Committee dis-

senting from the recommendations or abstaining from joining
in the decisions.

20. If the report be against approval, the usual course is to recommend
revision of the standard through a regularly constituted Sectional Committee
as in method of procedure 16- (2). It is not the function of a Special

Committee to attempt any revision of a standard.

21. In the case of procedure, Clause 16- (2) :

"Section R6.—Upon request from a responsible organization, the Main
Committee shall, by a conference of the bodies interested or by other suitable

means, determine the desirability of undertaking the development of a pro-

posed standard, whose .scope shall be broadly defined. If the development
seems desirable, the Main Committee will designate a sponsor or joint

sponsors for the work.

22. "Section R2.—A Six>nsor is a co-operating body, designated by
the Main Committee, responsible for the development of any standard,
or group of standards, by a sectional committee. Sponsors need not he
represented upon the Main Committee. Two or more bodies may be
designated as joint sponsors for a standard or group of standards. Sponsor-
ship entails the responsibility of providing for the administrative work
and the facilities necessary thereto, and of providing for the final publica-
tion of the standard. Changes in and continuance of sponsorship are
subject to review by the Main Committee." For cause shown Sponsors
may be removed and others appointed by the Main Committee.
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23. "Section R3.—A Sectional Committee is a committee, organized

by a sponsor, responsible for the formulation of a particular standard or

R-roup of standards." It is the active and workinf? agency of the Main
Committee. It is the forum in which agreements are worked out between
the organization which speaks for those branches of industry concerned

in the particular standard.

24. "Section R7.—The sponsor shall organize a sectional committee to

formulate or to revise the standard in accordance with these Rules. The
sectional committee shall be made up of representatives designated or

approved by the various bodies (technical, industrial, public, etc.) interested

in the standard, and of additional specially qualified individuals." It is

responsible for seeing that the work is continuously and effectively prosecuted,

and that the necessary administrative and clerical services are provided, and
that publication of the standard is arranged for.

25. "Sections R8 and R9 in Part.—At the initiation of the work
of a Sectional Committee, the sponsor shall submit to the Main Committee
for its approval a list of the members of the Sectional Committee and any
subsequent changes in personnel. This list shall include the organization

which each member represents on the Sectional Committee, his principal

business connection, and classification of the members as follows

:

"(a) Sectional Committees dealing with standards of a com-
mercial character (specifications, shop practices, etc.) shall be
made up of producers, consumers, and general interests, and, in

cases in which the work is of importance to them, of distributors.

No one of these may form a majority except with the recorded
consent of the others. Producers are those directly concerned in

the production and sale of the commodity involved. Consumers are

those that use the commodity involved but are not directly concerned
with its production and sale. General interests include independent

engineers, educators, and persons who are neither consumers nor
producers as defined above.

"(b) Sectional Committees dealing with safety codes shall be
made up of representatives of interests broadly classified as

:

(A) Manufacturers (makers of equipment).
(B) Employers (purchasers, owner, users of the equipment.)

(C) Employees.
(D) Governmental bodies having regulatory power or influ-

ence over the field in question.

(E) Qualified specialists, such as staflf representatives of
technical societies, consulting experts with no exclusive

business afifiliation, and educators.

(F) Insurance representatives.

"(c) Sectional Committees dealing with standards of a scientific or

non-commercial character may consist of persons specially qualified, with-

out regard to their affiliations.

26. It is expected that great effort shall be made by the Sponsor and
Sectional Committee to have the report agreed upon with close unanimity
before it is sent to the Main Committee for adoption as standard.

The American Engineering Standards Committee has repeatedly de-

clined to make a formal rule as to the number of votes required in a
Sectional Committee, but it is estimated that in about half of the cases

the action has been unanimous, and in other cases there has been a small

number of negative votes. Before approving the report of a Sectional

Committee, the American Ejigineering Standards Committee must certainly

have the assurance that this report represents the consensus of opinion of
the members of the committee, since these members are the representatives

of all the interests concerned. Otherwise, the American Engineering Stand-
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ards Committee would be scarcely justified in approving the report and
labeling the standard submitted "American Standard" or "Tentative Amer-
ican Standard," as the case may be. Where dissenting votes are cast

within the committee, the American Engineering Standards Committee
must take into account, also, whether these votes were cast by members
representing vitally interested organizations, or whether they represent the

"border-land" interests. The rule of action of the Main Committee as

set forth in the Constitution is as follows

:

"Section C26.—The approval as "Tentative Standard" of any standard

submitted to the Committee shall require the affirmative vote of three-

fourths of the Committee ; the advance of status to "American Standard"
shall require an affirmative vote of 90 per cent of the Committee. Such
votes shall be by letter-ballot. Letter-ballots may be ordered at any
regular or special meeting of the Committee.

27. "Section R14.
—

"Tentative American Standards," approved by the

Main Committee may be printed in the publications of the sponsor under
the appropriate title and the name of the sponsor, and over the statement,

"Approved by the American Engineering Standards Committee." They
shall not be released prior to such publications, whereupon right to publish

may be granted to any publisher under the rules governing the publications

of the sponsors, except that the Main Committee reserves the right to

publish collectively "Tentative American Standards" and "American Stand-
ards," which it has approved. It is requested that co-operating bodies do not

use the term "American Standard" in their publications except in connection

with a standard that has received the approval of the Main Committee as

such.

HOW SHALL A STANDARD BE KEPT FROM BECOMING
MORIBUND?

28. "Section R13.—After a sectional committee has rendered its report

and the standard has been approved by the Main Committee, the sectional

committee may at the discretion of the sponsor, be continued, or be dis-

charged and a new one organized for the next revision. The personnel of a

sectional committee shall be subject to review by the Main Committee at

its discretion, to assure continuing compliance with Section R9.

2% Procedure for revision of approved standards is as follows

:

"(1) "The sponsor for the standard is free to initiate any revision

thereof, if, in so doing, the sponsor gives notice to the American Engineer-
ing Standards Committee setting forth in such notice the reasons for and
the scope of the proposed revisions, and the personnel, including the names
of the other co-operating bodies represented, and the business affiliations of

the committee or group in charge of the revisions.

"(2) Upon receipt of such notice the American Engineering Standards
Committee shall appoint a special committee to review the said scope and
personnel and in the event that the special committee does not find the

personnel as submitted to be a properly constituted sectional committee,

it shall make definite recommendations to the American Engineering Stand-
ards Committee for the proper execution of tlie work in either of the fol-

lowing ways

:

"(a) Through such additional direct representation of other
interested organizations on the committee organized by the sjwnsor
as will give the committee proper sectional committee status.

"(b) Through suitable arrangements made by the sponsor to

obtain the formal approval, by the other interested organizations,

of the proposed revisions."
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ACCOMPLISHMENTS OF THE AMERICAN ENGINEERING
STANDARDS COMMITTEE UP TO JANUARY 31, 1926

30. Eighty-two standards have been approved.
As Appendix B we are showing a list of the llmjiuecring and

Industrial Standards Officially A p(proved and for sale at cost by the Amer-
ican Engineering Standards Committee, as it will be desirable to have this

information before the members in order that they may see which societies

are most active in bringing about the adoption of national standards. It

is plain to be seen that the American Society for Testing Materials and the

U. S. Bureau of Standards are very active in the Committee.
31. Two hundred and twelve projects have official status.

32. Fifty-six organizations are acting as Sponsors for Projects.

a. Three hundred and sixty-five trade, technical, or governmental
bodies, furnishing fifteen hundred and eighty-one individuals, are co-operat-

ing through representatives on special or sectional committees.

34. Two htindrcd and sixty-seven are Sustaining-Members.

WHAT SHOULD BE THE RELATIONSHIP BETWEEN THE
AMERICAN RAILWAY ASSOCIATION—DIVISION IV, ENGI-
NEERING, SECTION I, CONSTRUCTION AND MAINTE-
NANCE, AND THE AMERICAN ENGINEERING STANDARDS
COMMITTEE?

35. There are several different fields of activity of the American
Engineering Standards Committee, as follows

:

(A) The formation and standardization of Safety Codes.

(B) Simplification of types, sizes, dimensions, grades and shapes of

ordinary commodities of widely distributed use, and a system of limit-

gauging, together with a comprehensive scheme of fits for laying the basis

for carrying out complete interchangeable manufacture on a national scale,

and even on an international scale, as well as for facilitating mass produc-

tion within the individual factory.

(C) The adoption of Standard Specifications of quality for materials

and products in industry.

(D) The maintenance of Information Service.

"The information service is becoming of increasing importance
in connection with foreign trade. Exporters are frequently asked

to bid on goods to comply with foreign specifications, or in accord-

ance with an unfamiliar trade name or designation, information
regarding which they do not have available. Through its informa-
tion service the American Engineering Standards Committee has
on many occasions supplied copies of standards in accordance with
which bids have been requested, thus enabling the American firm

to submit its bid by cable, when without such service it would have
been unable to submit its bid in time for consideration."

(E) Acting as a Distributing Agent for the purpose of gathering

information with reference to specifications in course of preparation ; and
the U. S. Government, through the Federal Specifications Board is trans-

mitting such specifications in the course of formation frequently. It is

the practice of your Chairman, as representative of the American Railway
Association for the Engineering Division on the American Engineering
Standards Committee General Committee, to ask Secretary Fritch to r^ss

these along in an informal way to the Chairman of the committee dealing

with subjects of that nature, in order that informally, with the assistance

of such members of his committee as he may call upon, he may give the

point of view of himself and members with reference to the proposed
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specifications, and this information is passed back to tlic Federal Specifica-
tions Board hy the Secretary of the American Engineering Standards
Committee.

36. Of the two hundred and twelve Projects which had an official

status before the American Engineering Standards Conmiittce on January
31, 1926, including standards that have already been approved, the A.R.E.A.
is interested in about fifty-one (not necessarily with committee representa-
tion) of which eleven are Safety Codes. It is Sponsor and Joint Sponsor
for the following Projects :

C8.—Wires and Cables, Insulated (other than Telephone and
Telegraph).

03.—Ties, Railroad, Specifications for.

During the present year, Specifications for Railroad Cross-Ties and
Switch Ties were adopted as American Standard by the American Engi-
neering Standards Committee. The Sponsors were the American Railway
Engineering Association and Forest Service, United States.

It has requested adoption of the following under Rules of Procedure:
A3a.—Bridges, Steel Railway, General Specifications for.

A25.—Bridges, Movable Railway, Specifications for.

Z7. We have been furnished by the Secretary, American Engineer-
ing Standards Committee, with a list of the projects in which the American
Railway Association was co-operating, as of July 1, 1926, offered herewith
as Appendix A.

38. One of the most important of the Safety Codes on the Sectional

Committee of which the American Railway Association has representatives

is

:

C2—1922.—Electrical Safety Codes ("National Electrical

Safety Code"), Crossing Specifications.

The Committee has been at work for 4J4 years, but has not yet come to

harmonious agreement, because of the protest of the railway members that

the code as proposed lowers the present standards of crossing in general
use by the railroads in several important particulars. This Association
cannot help but be deeply interested in safety code work.

39. Sitnplification has risen to a great degree of prominence since it

was organized into the Division of Simplified Practice by Mr. Hoover in

1921. Its field of activity is stated as follows in the book on "Trade Asso-
ciation Activities," issued by the Department of Commerce:

"Generally, it may be regarded that simplification is the elimina-

tion of excess dimensions, types, and qualities of a specific article of

commerce, by mutual agreement between producers, distributors,

and consumers, such agreement usually being based on a statistical

study of pertinent data and not on technical research. * * * *

Perhaps it would be well to proceed on the basis that, so far as

commercial and industrial purposes are concerned, standardization
generally involves technical or scientific laboratory research, while
simplification does not. In other words, the layman can proceed suc-

cessfully with a simplification program, while it would be impos-
sible for him to consider seriously standardization problems by
himself."

This branch of improvement in industry is rather dominated by the
Division of Simplified Practice, and the American Ejigineering Standards
Committee is co-operating very closely in order to avoid over-lap or dup-
lication. On January 31, 1926, forty-five recommendations had been accepted
by industrial groups, fifteen were in process of acceptance, and fifty surveys
were under way. Its work has had a highly stimulating effect upon the

whole industrial standardization movement, and this Association too has been
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at work upon these lines. Notably it* has brought about the standard

design for track spikes, and it is sharing in the work of Boh, Nut and
Rivet Proportions, especially Project B-18d, Track BoUs and Nuts, on
the Sectional Committee of which your Chairman was placed by the

American Society of Mechanical Engineers.

40. In general the work of tlie American Engineering Standards Com-
mittee is concentrated upon Standardisation Projects which involve Tech-
nical Consideration, while the Division of Simplified Practice concentrates

upon such eliminations as it is possible to carry out from a consideration of

statistical production data alone. Nevertheless, it is apparent that it is reach-

ing out into the field of Technical Consideration in spite of the statement

in Paragraph 39, for there has been added to the Division a tDirector of

Metals Utilization, who has called the attention of the President of the

American Railway Association to the Directory of Commodity Specifica-

tions, prepared last year by the Bureau of Standards in co-operation with

the Bureau of Foreign and Domestic Commerce and the American Engineer-

ing Standards Committee, from which it was ascertained that there are

twenty-two specifications listed in the Directory for tie plates. He states:

"The materials from which tie plates are made in these specifications

include cast steel, soft steel, medium steel, hard steel, and wrought iron,

the tensile strength ranging from 45,000 to 64,000 lb. per square inch, and
the carbon content from .12 per cent to .80 per cent, for open hearth steel,

and .06 per cent to .25 per cent for Bessemer steel." The American Rail-

way Engineering Association has specifications covering two distinct grades,

which should cover all normal demands, but from the variations evident in

the other specifications it seems that an unnecessary diversification exists.

"There are twenty-eight specifications listed in the Directory for splice

l)ars. Five distinct grades of steel are specified; low carbon, medium carbon,

high carbon, extra high carbon, and quenched high carbon. The American
Society for Testing Materials have specifications for all five grades. The
Chicago & Eastern Illinois Railroad uses low carbon steel ; the Norfolk &
Western Railway uses medium carbon steel ; the Chicago, Burlington &
Quincy Railroad uses quenched high carbon, etc."

.A.s a result of this presentation, Alessrs. Cushing, Neubert and Stimson
were requested by President Felt, through Secretary Fritch, of Section I

—

Construction and Maintenance, of Division IV—Engineering American
Railway Association to act as emissaries for the Division to obtain

further information relative to the plan of the Department of Commerce.
In answer to specific questions the railway men made explanation sub-

stantially the same as is set forth below in the numbered articles with their

subscripts. Interpolated comments of the representatives of the National

Committee and the Department of Commerce are underscored

:

fl) It is not necessar}' nor desirable to have a survey of this subject

\i>v the following reasons:

(a) It is recognized that the work of the Division of Sim-
plified Practice doubtless is bringing about much benefit to industry

and users by eliminating sizes and kinds of articles for which
there is little demand, and Mr. Wethcrill's illuminating address in

Philadelphia, October 29, 1926, concerning the progress in industrial

management and in the elimination of waste brought this out

clearly. His statement, however, that the user enjoyed lower cost

as a result was not agreed to by the engineers, as they had failed to

observe any such benefit in years of work in this direction. The
direct benefit went to the worker as a rule, which was quite mark-
edly indicated by Mr. Wetherill's lantern slide of the large percent-

age of gain to labor in the last five or six years compared with the

A.R. E. A.
t^Fr. \V. Chattin Wctherill.
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rather small increase in index price to industry. In all probability

there might be advantage to the consumer in checking advances in

price which might otherwise be made, and it is reasonable to believe

that fewer articles mean reduced stock and smaller capital held in

unapplied material. For those reasons the railway men continued to

work for this improvement and were sympathetic with the efforts

of the Division of Simplified Practice.

"The representatives of the National Committee and the Depart-

ment welcomed the statement of the Engineers regarding the impor-

tance of the savings from Simplified Practice, pointing out that

on a rising market the distribution of these savings was a different

problem from the distribution on a falling market, such as at

present. In other words, that a direct return to the consumer can

confidently be expected, and that there is ample evidence in the

files of the Division of Simplified Practice to show that these

savings are being handed on to the consumer.

"While agreeing that the problem of simplification of com-

modities is different from that of simplification of specifications,

they pointed out that the procedure already developed for simplifica-

tion of commodities appears susceptible of adaptation to the problem

of simplification of specifications; the important thing being a com-

prehensive survey of the facts as a preliminary to any action. They
pointed out that in practically every case those who might be

presumed to know the facts did not know them and that broad

collaboration is necessary^ to get at the facts as to diversification,

whether in the field of commodities or of specifications."

But this problem of accomplisjiment, illustrated by the reduc-
tion of 66 sizes in paving brick to 4, and 45 sizes of common red
brick to 1, is entirely different from the one under consideration.

(b) The use of track appliances and materials is a problem of

design to meet the requirements of varying stresses set up by the

different density of traffic and diverse concentration of load applica-

tion. It must be solved by the rules of applied mechanics, study of
service trials, and mathematical analyses of stresses. Just so long
as we have different values of brain development we will differ in

conclusions, but an effort is made to eliminate as many of these
differences as possible by mutual education in our technical .societies.

There are, however, widely different conditions to be met on account
of the varying importance of railroads as transportation agents,

from the heavy and fast trunk line carrier to the branch line

serving few and small communities. All of the variations in tiiis

sliding scale of importance will be found within the trunk line

railroads. This gives rise necessarily to different specifications for

material and size and dimensions of appliances to withstand the

diverse conditions of service.

Consequently it is not profitable to lay stress on the imjxirt-

ance of the tabulated statement sent to us, which was compiled from
the Directory of Commodity Specifications, issued by the Rureau of
Standards for the purpose of showing that there are numerous speci-

fications for appliances under the same name. In making an
examination of this kind it must be borne in mind that no two
people or societies write specifications in the same way. A very
close inspection will sometimes reveal very near uniformity in two
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or more cases vvliicli appear cursorily widely different. Tlic railway

men know that differences do exist, and their methods of dealing

with tiiem will i)e considered and stated in connectii-n with the

sketch of working machinery for progressive reform.

"The representative of the National Committee, as shown in

his letter of October 13th to Mr. Aishton, indicated that the fact

that tlie railroad men know that differences exist is not so impor-

tant as to determine and to make known generally just what these

differences are.

"With every allowance for varying conditions it would still seem

possible to make further progress in standardization and simplifica-

tion. In any event, a general survey of the situation would reveal

the facts and would provide a basis either for agreement that no

stimulation is necessary or that such stimulation is desirable and

practicable."

(2) In answer to the question whether or not there was an adequate

plan on the part of the user and industry for bringing aliout improvement,

and whether or not, if there were such machinery it might be speeded up
by the friendly assistance of the Committee on Metals Utilization, which
would make a survey which might bring to light articles of most importance,

it was stated that the railway men and manufacturers liad the necessary

machinery in working order and action for some years, and that it would
only complicate and interfere with its accomplishment by having any more
committees, for reasons which may be summarized as follows

:

(a) Progress in the elimination of unnecessary specifications,

designs and appliances must come tlirougli the laborious and pains-

taking process of education. Active minds working for the good
of the service in which they are engaged are evolving new ideas

continuously, and the alert ques.tioners examine quickly into their

merits. Through merit alone will they survive. Those who are in

the same field of activity, therefore, educate each other.

(b) For this excliange of thoughts and ideas there must be a

forum, and that forum is the technical societies, in the member-
ship of which meet on common and equal ground the consumer,

the manufacturer, and the interested men of science, the engineer,

college professor, the govermnent engineer, and the general

practitioner the consulting engineer. In this forum certain princi-

ples are evolved and set up as a desirable mark to be attained.

Gradually a greater and greater number reach this mark and many
accept some of its principles without accepting all. Moreover,
the active brain of a gifted member makes it necessary to intro-

duce changes from time to time, which necessarily adds to the ap-

pearance of slowness in the march towards improvement. No
sooner is approved practice developed and set up than new sugges-

tions require change.

(c) The forum machinery in which the consumers of railway

appliances are participators is :

(1) The American Railway Association. Division IV—Engi-

neering, Section I—Construction and Maintenance.

(2) The American Society for Testing Materials.

(3) The American Society of Civil Engineers.

In addition valuable knowledge is looked for from

:

Bureau of Standards.

U. S. Naval Engineering Experiment Station.

Forest Service.
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Public Road's Bureau.
Coast and Geodetic Survey.
Geological Survey.
College Research Laboratories.

Laboratories of Manufacturing Industry.

Foreign Engineering Societies.

Societies Engaged in Metallurgical Research (an out-

standing example of which is The Iron and Steel

Institute of Great Britain).

The American Railway Engineering Association works by
standing committees, and a committee of the Board of Direction
sees to it that they are kept busy to the limit and that their activi-

ties shall be in line with the live and important problems.

(d) When a specification or design has reached the stage of

consideration as a project for investigation to determine its eligi-

bility for becoming a national standard, it is laid before the Amer-
ican Engineering Standards Committee. In this committee we are

on the same footing as the Federal Specifications Board and the

Division of Simplfieid Practice, and this position seems desirable

to us to be maintained.

"The representatives of the National Committee and the Department

pointed out that the National Committee duplicates no other agency. They
agreed that the forum ofifered by the technical societies is highly valuable

and indeed indispensable, but that it ofifers no device (1) for making a

sur\-ey of existing varieties, or (2) for checking observances of standards

or simplifications when adopted.

"The representatives of the National Committee and the Department

pointed out that the American Engineering Standards Committee has,

through its representatives, publicly stated that it is unable to "sell" its

standards or to determine the degree of their observance.

"It is natural that the Engineers, being the designers of specifications

and so to some extent responsible for existing diversification, should look

with doubt upon an activity which seems to invade their freedom of action.

"The point which seems clear to the representatives of the National

Committee and the Department of Commerce is that there must be some

accommodation of interests and that a survey as a basis of action, even

as a basis of negative action, would at least indicate to the railroad executives

how matters stand on the railroads as a whole.

"All commodity simpl ifications adopted by industry in collaboration

with the Division of Simplified Practice are subject to periodic review, and

similar reviews could doubtless be provided for specifications. But the basis

for action in every case is a comprehensive preliminary investigation.

"After simplification there are periodic reviews of observances to deter-

mine to what extent the simplifications are being put into actual practice.

"Since, under the procedure outlined by the Engineers, these matters

are not provided for, it would seem that the National Committee on Metals

Utilization has an important function to perform and that the railroad execu-

tives should be approached with this end in view."

(3) In the field of stock commodities, apart from the appliances designed
under the laws of applied mechanics and strength of materials, together
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with the cngineeriiif^ structures, tlicrc are many articles whicli can be sim-
plified in size and minibers, and the members of the American Railway
Association have been taking part in the discussions before the Division
of Simplified Practice.

Addenda

Since the conversation in Washington the following letter, November 6,

1926, has been forwarded to Air. Gushing by Mr. Wcthcrill, transcription
of which is made herewith for the purpose of making the notes more
complete.

"It seems to me our talk threw a good deal of light on the problem of
simplification of railroad specifications. We are in agreement as to the wide
variety of these specifications, as to the progress made by the committees of
the American Railway Engineering Assfjciation, and the need for further
education and wider observance of standards.

We are also in agreement as to the valuable work of the Federal
Specifications Board and other specifications-making bodies, and the influ-

ence of their work on simplification of specifications in general. What the

National Committee on Metals Utilization has to offer is not a new specifica-

tion-making organization, but is essentially a "selling" and auditing service

developed by all concerned.
"As Mr. Hunt explained at our meeting, there have been more than 1250

conferences held under the auspices of the Department of Commerce since

March, 1921, and 343 standing committees arc continuously at work. Most
of these are "outside" committees ; by far the greater number of them are
purely industrial, not Governmental. They have been able to take up indus-

trial and commercial problems, meeting on neutral ground furnished by a

friendly Department, and their conclusions have been presented, not simply

as coming from industry but also as having the moral support of the Gov-
ernment. In this connection the Government's interest, like your own, is

primarily a consumer interest. The Government's purchases are the largest

in the w^orld, and after them, as I think you said, come railroad purchases.

If there can be a closer understanding between tliese two groups it surely

would be to the advantage of both. This, the National Committee is in a

position to furnish because of its close connection with the Departments of
the Government and its representation of all the branches of the metal
industries.

"As I see it, what our Committee can do is to give impetus to a vital

movement already in progress under various auspices, providing for more
rapid general education as to the advantages and needs for simplification,

and finally, providing a comprehensive and easy instrumentality for auditing

results. The American Engineering Standards Committee, which has worked
long and well in the field of specifications has told Mr. Hoover that their

principal weakness is that they cannot 'sell' their standards and they

cannot audit results.

"The other matter which came out of our talk and which is free from
the technical aspects involved in the problem of simplification of specifica-

tions, is further simplification of commcxlities in general, particularly those

purchased by the railroad. Here, as I think you suggested, Division VI

—

Purchases and Stores, of the American Railway Association, probably
should be our point of contact. It .seems to me that it is very important
from the point of view of the railroads to make this contact, to explore

the facilities of the National Committee on Metals Utilization acting in

collaboration with the Division of Simplified Practice and other interested

Governmental agencies. I trust the American Railway Association through
your committee or otherwise will advise me of such a designated point of

contact with Division VI.
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"In closing let me emphasize the fact that the National Committee on
Metals Utilization is not duplicating the work of any other body, but is

organized to give greater impetus and force to programs either in progress
or in prospect for the elimination of industrial waste, and in that capacity

it is in a position to assist the railroads to receive even greater economies
in their $3,000,000,000 annual purchases."

41. The United States Government, on behalf of its various depart-
ments is probably the most active agency in the preparation of specifications

of any business, and it is important to have available information concerning
the specifications which are adopted by it. In 1921 the Bureau of the Budget
created the Federal Specifications Board under the Chairmanship of the

Bureau of Standards for the purpose of leading in this work, in order to

bring about unified practice, as the laboratory of the Bureau of Standards
is one of the most important in the world and a large amount of valuable
investigation, both in the realm of pure science, as well as in the co-ordina-

tion of its work for useful purposes is done. We attach, therefore, as

Appendix C, Subject Index of United States Government Master
Specifications, Miscellaneous Publications No. IZ, Alay 1, 1926. Many of
the specifications are being submitted through the American Engineering
Standards Committee, at first informally, for criticism by industry and to

determine their acceptability. On January 31, 1926, the Federal Specifica-

tions Board had adopted three hundred and fifty specifications, and during
1925 the American Engineering Standards Committee circulated ninety of
them for criticism.

The references to Appendices B and C are given for the reason
that the wcfrk being done by those scientific bodies is of great practical

value to the members of the American Railway Engineering Association.
Originally created as the custodian of the standard weights and meas-

ures of the United States, the present Bureau since its establishment, March
3, 1901, has grown to the following magnitude and importance:

Present Site, 43 acres Staff, 800
Buildings, 10 major, 12 minor Research Associates, 65
Branches : Denver Library, 30,000 volumes

San Francisco 720 periodicals

Northampton (Pa.) Researches in Progress, 350
Columbus (Ohio) Advisory Committee Experts, 1000

Annual Budget, $2,161,780 Tests (per Year), 180,000
Total Publications, 1,350

PROGRAM FOR PERFORMANCE
42. From the memoranda which have been set forth in considerable

detail above, it is necessary to dig out a policy of procedure with reference
to our Recommended Practices, in order

:

(a) That they may be kept revised constantly in accord with
the latest thought, and changed conditions.

(b) That they may become the established practice of the
greatest number of our own members.

(c) That those which may be considered of mutual interest
and importance to special industry and technical association, or of
national scope, may be submitted for such purposes to the bodies
in which right of action has been vested.

(d) That the work of this Committee shall be generally
shared by all committees and the members of the Association so
that there will be no clog in the machinery to interrupt smooth and
regular operation.

43. For this accomplishment, recommendations for your consideration
and approval, and incorporation in the Manual are submitted as follows:



162 Standardization

POLICY OF PROCEDURE CONCERNING "RECOMMENDED
PRACTICES"

(A) The motive force of this Association is the Standing Committees
and its organized eflfort by means of disseminated rather than by central

concentration.

(B) A Standing Committee shall be the Continuing Sponsor of its own
adopted "Recommended Practices," embracing the following duties

:

(1) An annual review of each Manual-incorporated "Practice"

with the recommendation for revision when found desirable.

(2) A Statistical Survey periodically to ascertain the extent

of use by the Association members of the "Practice" under study.

(3) Selection of an "Association-adopted Recommended Prac-

tice" as worthy to be considered of "Mutual Interest" and impor-

tance to special industry and technical associations, or of national

scope, coupled with an outline of its scope, a complete history of

its development and a full statement of the extent of its use, for

presentation to the Board of Direction with recommendation that it

be submitted for co-operation with the bodies in which right of

action has been vested. In the case of Industrial—and Association

—

Mutual Interest the active body will be a co-operative committee or

technical association, and in the case of National Scope, the Amer-
ican Engineering Standards Committee.

(C) The Board of Direction, after favorable action upon the recom-

mendation of a Sponsor Committee, shall proceed as follows*

(1) In the case of Industrial—and Association—Mutual Inter-

est, authorize the Secretary to present the proposal to the interested

body.

(2) In the case of National Scope, authorize the Secretary to

request the approval and further action of the American Railway
Association.

(D) The Special Committee on Standardization shall keep informed

of the Rules of Procedure and general fields of activity of the associations

and committees which may be considered to have interests in common with

this Association, and shall be kept informed of the special co-ordinating

recommendations of standing committees, in order to act as an Advisor

to the Board of Direction.

(E) Attention has been called to the fact that sometimes several

members from the Engineering Division have been designated to serve on

the same sectional committee, American Engineering Standards Committee,
without having any point of contact for concerted action. It is desirable,

therefore, when these committee members are named by the Secretary of

the American Railway Association, in the case of several being appointed,

for the Secretary to name one of them to act in bringing them all together

as may be considered desirable, in order to keep each other posted on the

things which are being done and to enable them to decide on their mode of

procedure.

44. These recommendations provide for a continuing organization for

activity on the part of the Special Committee on Standardization, and as no
additional instructions will be necessary, no suggestions for future com-
mands are made.

Respectfully submitted.

Special Committee on Standardization,

W. C. CusHiNG, Chairman.
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Appendix A

Railway Association is co-operating on the following

Rating of Rivers.

Safety Code for Conveyors and Conveying
Machinery.

Electrical Safety Code.

Colors for Trafific Signals.

Rails, Joint Plates for Seven-Inch Girder Grooved
and Girder Guard.

Rails, Joint Plates for Nine-Inch Girder Grooved
and Girder Guard.

Rail, Seven-Inch Girder Grooved.
Rail, Nine-Inch Girder Grooved.
Rail, Seven-inch Girder Guard.

Rail, Nine-Inch Girder Guard.
Rail, Seven-Inch 80-Pound Plain Girder for Use in

Paved Streets.

Rail, Seven-Inch, 91-Pound Plain Girder for Use in

Paved Streets.

Trackwork, Special Materials for Use in the Manu-
facture of.

Steels, Numbering of.

Poles, Wood.
Safety Code for the Protection of Heads and Eyes

of Industrial Workers.

(2) Z 10 Scientific and Engineering Symbols and Abbrevia-
tions.

The Construction and Maintenance Section of the A.R.A. co-operated
on C 2-1922; the Electrical Section, on C 2-1922 and O 5 and also on

Aluminum, Electrical Properties of.

Poles, Tubular Steel.

The Engineering Division is co-operating on the following

:

Walkway Surfaces, Safety Code.
Pipe Flanges and Fittings.

Bolt, Nut and Rivet Proportions.
Pipes, Welded and Seamless Steel.

Pipe, Welded Wrought Iron.

Symbols for Electrical Equipment of Buildings.

Zinc Coating of Iron and Steel.

The Mechanical Division is represented on B 16, B 21-1924, B 22-1924.

The Medical and Surgical Section is co-operating on Z 4 Safety Code for

Industrial Sanitation. The Purchases and Stores Division co-operates on
E 10. The Signal Section is represented on C 2-1922, C 11, C 13, D 3, O 5,

Z 10, and also on

(2) C 8 Wires and Cables, Insulated (Other than Telephone
and Telegraph).

C 18 Dry Cells.

The Telephone and Telegraph Section is co-operating on C 2-1922, C 13,

G 8, O 5, and C 5 Code on Protection Against Lightning.

The American
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The American Railway Engineering Association is co-operating on
B 20, C 8, C 11, D 3, E 2-1923, E 3-1923, E 4-1923, E 5-1923. E 6-1923,

E 7-1923, E 8, E 9, E 10, and also on the following

:

A 3 Bridges, Steel.

A 4 Shapes, Structural Steel.

A 18-1923 Concrete, Method of Test for Unit Weight of

Aggregate for.

A 19-1923 Concrete, Method of Test for Voids in Fine Aggre-
gate for.

A 20-1923 Concrete, Method of Test for Organic Impurities

in Sands for.

A 25 Bridges, Movable Railway.

C 4 Power Control, Electrical, Safety Code for.

C 7 Rating of Electrical Machinery.
O 3 Railroad Ties.

O 4 Methods of Testing Wood.
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Appendix B

ENGINEERING AND INDUSTRIAL STANDARDS

Officially Approved and for Sale at Cost by
THE AMERICAN ENGINEERING STANDARDS COMMITTEE

Orders for government publications may, if desired, be sent to the Superintendent of Documents,
Government Printing OlVice, Washington, D. C., accompanied by money order or cash.

A—CIVIL ENGINEERING

^ Price
A 1-1922 Portland Cement, Specifications and Tests for $.25

Submitted by—American Society for Testing Materials

A 2-1919 Fire Tests of Materials and Construction, Specifications for 25
Submitted by—American Society for Testing Materials

A 5-1921 Toughness of Rock, Test for 25
Submitted by—American Society for Testing Materials

A 6-1925 Drain Tile, Specifications for 25
Sponsors—American Society for Testing Materials

U. S. Department of Agriculture

A 7-1921 Bituminous Materials Suitable for Road Treatment, Method of Distillation of 25
Submitted by—American Society for Testing Materials

A 8-1922 Bituminous Materials, Method of Test for Penetration of 25
Submitted by—American Society for Testing Materials

A 11-1921 Lighting Factories, Mills arid Other Work Places, Code of 10
Sponsor—Illuminating Engineering Society

A 14-1923 Ladders, Safety Code for. . .
, OS

Sponsor—American Society of Safety Engineers
A 17-1925 Elevators and Escalators, Safety Code for gO

Sponsors—American Institute of Architects ,

American Society of Mechanical Engineers
A 18-1923 Concrete, Method of Test for Unit Weight of Aggregate for 25

Submitted by—American Society for Testing Materials

A 19-1923 Concrete, Method of Test for Voids in Fine Aggregate for 25
Submitted by—American Society for Testing Materials

A 20-1923 Concrete, Method of Test for Organic Impurities in. Sands for 25
Submitted by—American Society for Testing Materials

A 23-1924 Lighting of School Buildings, Code for 25
Sponsors—American Institute of Architects

Illuminating Engineering Society

A 26-1924 Stone, Slag, Gravel, Sand and Stone Block Sampling 25
Submitted by—American Society for Testing Materials

A 27-1924 Coarse Aggregates, Test for Apparent Specific Gravity of 25
Submitted by—American Society for Testing Materials

'

A 31-1924 Cement Grout Filler for Brick and Stone Pavements 25
Submitted by—American Society for Testing Materials

A 32-1924 Granite Block Pavements, Specifications for Block for 25
Submitted by—American Society for Testing Materials

B—MECHANICAL ENGINEERING

B 11-1924 Screw Threads SO
Sponsors—American Society of Mechanical Engineers

Society of Automotive Engineers

B 2-1919 Pipe Threadt 40
Sponsors—American Gas Association

American Society of Mechanical Engineers
B 4a-1925 Tolerances and Allowances for Machined Fits in Interchangeable Manufacture 50

Sponsor—American Society of Mechanical EnRinecrs
B 7-1922 Abrasive Wheels, Safety Code for the Use, Care and Protection of 05

Sponsors—International Association of Industrial Accident Boards and Commissions
Grinding Wheel Manufacturers' Association of the U. S. and Canada

B 8-1922 Foundries, Safety Code for the Protection of Industrial Workers in 10
Sponsors—American Foundrymen's Association

National Founders' Association

* Spanith trtoilatioii awiUble.
t French trantlilion aviilablt.

I GovvrniDcnt Publication.
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B—MECHANICAL ENGINEERING—(Continued)

B 11-1924 Power Presses and Foot and Hand Presses. Safety Code for Under Revision

Sponsor— National Safety Council ^
B 13-1924 Logging and Sawmill Machinery, Safety Code for

"^

Sponsor—Bureau of Standards .q
B 15-1923 Powtr Transmission Apparatus, Mechanical, Safety Code for '"

Sponsors—American Society of Mechanical Engineers . .

International Association of Industrial Accident Boards and CommiiSioni

National Bureau of Casually and Surety Underwriters

B 17a- 1924 Standard Diameters and Lengths of Cold Finished Shafting ,
'"

Sponsor—American Society of Mechanical Engineers „
B 17b-1925 Dimensions for Square and Flat Keys for Shafting ^

Sponsor—American Society of Mechanical Engineers . .

B 21-1924 Pipe, Welded and Seamless Steel, Specifications for Under Revision

Submitted by—American Society for Testing Materials
. .

B 22-1924 Pipe, Welded Wrought Iron, Specifications for.... Under Revision

Submitted by—American Society for Testing Materials

B 26-1925 Screw Threads for Fire Hose Couplings "
Submitted by—American Society of Mechanical Engineers

National Board of Fire Underwriters
National Fire Protection Association

C—ELECTRICAL ENGINEERING
05C 1-1925 Electric Wiring and Apparatus in Relation to Fire Hazard, Regulations for

(' National Electrical Code"—1925 Edition)
Sponsor— National Fire Protection Association

C 2-1922 Electrical Safety Code ("National Electrical Safety Code") ^"5

Submitted by—Bureau of Standards

C 6-1925 Terminal Markings for Electrical Apparatus •'S

Sponsor— Electric Power Club
C 10-1924 Symbols for Electrical Equipment of Buildings 10

Sponsors—American Institute of Architects
American Institute of Electrical Engineers
Association of Electragisls

C 12-1922 Meters, Electricity, Rules for ("Code for Electricity Meters") Under Revision

Submitted by—Association of Edison Illuminating Companies
National Electric Light Association

C 15-1923 Trolley Construction, 600 Volt Direct Current Overhead, Recommended 30

Specifications for

Submitted by—American Electric Railway Association
C 19-1925 Industrial Power Control, Electrical *0

Sponsors—American Institute of Electrical Engineers
Electric Power Club

C 22-1925 Transformers, Instrument 30

Submitted by—American Institute of Electrical Engineers

D—AUTOMOTIVE (Automobile and Aircraft)

D 1-1925 Aeronautics, Safety Code for 1.50 each up to 5 copies

Sponsors—Bureau of Standards 1.00 each 6 to 20 copies

Society of Automotive Engineers .75 each over 20 copies

D 2-1922 Automobile, Headlighting Specifications—Laboratory Tests for Approval of Electric

HeadUghting Devices for Motor Vehicles Under Revision

Submitted by— Illuminating Engineering Society

E—TRANSPORTATION
E 2-1923 RaUs, Joint Plates for Seven-Inch Girder Grooved and Girder Guard, Recommended 30

Design for

Submitted by—American Electric Railway Association

E 3-1923 Rails, Joint Plates for Nine-Inch Girder Grooved and Girder Guard, Recommended .30

Design for
Submitted by—American Electric Railway Association

E 4-1923 Rail, Seven-Inch Girder Grooved, Design for ". •• -30

Submitted by—American Electric Railway Association
E 5-1923 Rail, Nine-Inch Girder Grooved, Design for 30

Submitted by—American Electric Railway Association
E 6-1923 Rail, Seven-Inch Girder Guard, Design for 30

Submitted by—American Electric Railway Association
E 7-1923 Rail, Nine-Inch Girder Guard, Design for 30

Submitted by—American Electric Railway Association

* Spanish trtniUiion avtiUble.
t Frcncb tmniUtion aviUable.
I Conrnmcai Puhtteuiaa.
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G 2-1924

G 6-1921

G 7-1921

G 9-1924

G 12-1923

G lJ-1923

G 14-1923

H 2-1921

H 3-1921

H 4-1921

H 7-1925

H 8-1925

H 9-1925

H 10-1924

H 11-1924

H 12-1924

H 13-1925

G—FERROUS METALLURGY
yc

Porgingg, Carbon-Steel and Alloy St«el, Specifications for

Submitted by—American Society for Testing Materials
. .

Screw Stock, Cold-Drawn Bessemer Steel Automatic, Specifications for*t. .Under R«vis«OB

Submitted by—American Society for Testing Materials

Screw Stock, Cold-Drawn Open Hearth Steel Automatic, Specifications for 't... Under Rev.

Submitted by—American Society for Testing Materials

Forgings, Carbon-Steel and Alloy-Steel Blooms, Billets and Slabs for, SpecificaUons for .25

Submitted by—American Society for Testing Materials

Bars, Refined Wrought-Iron, Specifications for

Submitted by—American Society for Testing Materials

Plates, Wrought-Iron, Specifications for ;

Submitted by^American Society for Testing Materials

Bars, Staybolt, Engine Bolt and Extra Refined Wrought Iron, Specifications for.Under Rev.

Submitted by—American Society for Testing Materials

H—NON-FERROUS METALLURGY

Electrolytic Copper Wire Bars, Cakes, Slabs, Billets, Ingots and Ingot Bars, Sped-

fications f»r*t "
Submitted by—American Society for Testing Materials

Lake Copper Wire Bars, Cakes, Slabs, BiUets, Ingots and Ingot Bars, Specifications

for»t : • • • -^
Submitted by—American Society for Testing Materials

Copper Wire, Soft or Annealed, Specificatioi^s for*t -25

Submitted by—American Society for Testing Materials

Brass Forging Rod, Specifications for • 25

Submitted by—American Society for Testing Materials <

Brass Rod, Free-Cutting for Use in Sc rew Machines ^
Submitted by—American Society for Testing Materials

Naval Brass Rods for Structural Purposes .25

Submitted by—American Society for Testing Materials

Ingot Metal, Brass, for Sand Castings, Specifications for 25

Submitted by—American Society for Testing Materials

Solder Metal, Specifications for 25
Submitted by—American Society for Testing Materials

Brass, High Sheet, Specifications for 25

Submitted by—American Society for Testing Materials

Outside Dimensions for Non-Tilting Furnaces in Non-Ferrous Foundry Practice.. In Press
Submitted by—The Plumbago Crucible Association

K—CHEMICAL INDUSTRY

K 2-1925 Gas Safety Code 20

Sponsor—American Gas Association

K 3-1921 Manganese Bronze, Methods of Chemical Analysis of 25

Submitted by—American Society for Testing Materials

K 4-1921 Gun Metal, Methods of Chemical Analysis of 25

Submitted by—American Society for Testing Materials

K 5-1922 Alloys of Lead, Tin, Antimony and Copper, Chemical Analysis of 25

Submitted by—American Society for Testing Materials

K 6-1922 Coke, Methods of Laboratory Sampling and Analysis of Under Revision

Submitted by—American Society for Testing Materials

K b-1923 Liquids, Volatile, Flammable, Method of Test for Flash Point of 25

Submitted by—American Society for Testing Materials

K 9-1923 Pigments. White, Methods of Routine Analysis of 25

Submitted by—American Society for Testing Materials

K 10-1923 Pigments, Yellow, Orange, Red and Brown, Containing Iron and Manganese, Methods
of Routine Analysis of 25

Submitted by—American Society for Testing Materials
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K—CHEMICAL INDUSTRY—Continued

K 11-1923 Lead, Dry Red, Methods of Routine Analysis of 25
Submitted by—American Society for Testing Materials

K 12-1921 Copper, Methods for Battery Assay of 25
Submitted by—American Society for Testing Materials

I^-TEXTILE INDUSTRY

L 2-1923 Cotton Fabrics, General Methods of Testing Under Rcvijion

Submitted by

—

American Society for Testing Materials

M—MINING

M 4-1922 Explosives, Permissible, Specifications for the Testing and Use of 10|
Submitted by—U. S. Bureau of Mines

M 15-1925 Rock Dusting of Coal Mines, Recomm ended Practice for 25
Sponsor—American Institute of Mining & Metallurgical Engineers

O—WOOD INDUSTRY

O 1-1924 Woodworking Plants, Safety Code for OS
Sponsors—International Association of Industrial Accident Boards and Commissions

National Bureau of Casualty & Surety Underwriters

P—PULP AND PAPER INDUSTRY

P 1-1925 Paper and Pulp Mills, Safety Code for In Press

Sponsor—National Safety Council

Z—MISCELLANEOUS

X 1-1921 Coal, Method for Sampling of 25

Submitted by—American Society for Testing Materials

X 2-1922 Heads and Eyes of Industrial Workers, Safety Code for the Protection of the 10§

Sponsor—Bureau of Standards

Z 7-1925 Illuminating Engineering Nomenclature and Photometric Standards IS

Sponsor—Illuminating Engineering Society

Z 8-1924 Laundry Machinery and Operations, Safety Code for OS

Sponsors—Association of Governmental Labor Officials

Laundryowners' National Association
National Association of Mutual Casualty Companies

* Spanish tnnslAtion tvailahle.

t French translation available.

I Government Publication.
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Additional Approvals

C 13-1926 Poles. Tubular Steel, Specifications for $.25
Sponsor—American Electric Railway Associati"on

C 21-1926 Converters, Synchronous In Press
Submitted by—American Institute of Electrical Engineers

E 8-1926 Rail, 7 Inch, S2-Pound Plain Girder for Use in Paved Streets, Recommended
Design for 20

Sponsor—American Electric Railway Association

E 9-1926 Rail, 7 Inch, 92-Pound Plain Girder for Use in Paved Streets, Recommended
Design for 20

Sponsor—American Electric Railway Association

E 11-1926 Rail, 7 Inch, 102-Pound Plain Girder for Use in Paved Streets, Recom-
mended Design for 20

Sponsor—American Electric Railway Association

M 2-1926 Electrical Equipment in Coal Mines, Safety Rules for Installing and
Using In Press

Sponsors—American Mining Congress
Bureau of Mines

O 3-1926 Ties, Railroad, Specifications for 20
Sponsors—American Electric Railway Association

Forest Service

Z 121926 Dusts, Explosive, Safety Code for In Press
Sponsors—National Fire Protection Association

U. S. Dept. of Agriculture
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Appendix C

DEPARTMENT OF COMMERCE
BUREAU OF STANDARDS
Ceorae K. Burg«as. Diractor

SUBJECT INDEX

OF

UNITED STATES GOVERNMENT

MASTER SPECIFICATIONS

MISCELLANEOUS PUBLICATIONS No. 73

May 1, 1926

PRICE 6 CENTS

S^ only by the Supctlntendent of Doouncnu. GoYCnuaent Printing Offica

Washington, D. C

WASHINGTON
GOVERNMENT PRINTING OFFICE

192»
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ALPHABETICAL LIST OF COMMODITY SPECIFICATIONS

Federal
Speclil-
CAtiODS
Boftrd
number

Stand-
ards

CircoUr
number

Federml
Speoifl-
cfttiona

Board
number

Stand-
u-dt

CircnUr
number

Abrulre cloth, aluminum oxide
Alaminum bronxe castings
Aluminum bronze ingots (for remeltinK).
Aluminum ingot

Amalgam, dental, &II07

Aprona, surgeon's rubber
Asbestos copper gaskets, corrugated..
Asbestos high-prciisurc rod packing..
Asbestos metallic cloth sheet packing.
Asbestos metallic cbth gaskets

Asbestos millboard
Asbestos plaster, raacnesia
Asbestos shoet packing, compressed.
Asbestos TaWe stem packing
Asphalt for minorAl surfaced roofing..

Asphalt for unsuifaced built>up roofing
Asphalt for use in road and pavement ccnslruction.
Asphalt for waterproo^ng and damp proofing
Asphalt, petroleum, for joint. filler (squcegeo or
pouring meihod) type PAF-l-25

Asphalt plastic cement

Asphalt prepared roofing
Asphalt prepared roofing and shingles, slato-sur-

lacsd
Asphalt primer for roofing and waterproofing
Asphalt*saturated rag felt for flashings
Asphalt-saturated rag felt for roofing and water-
proofing

Asphalt*saturated woren cotton fabric for vater-
proofing

Asphalt Tarnish
Bags, ico, helmet shaped
Bags, ice, rubber
Bags,PoUl2er

Bandage, gauze, compressed
Bandage, plain gauze roller, assorted.
Bandage, plaster of Paris
Bandages, rubber
Bands, rubber

Bars, ooncrete reinforcement..
Bases, cutout
Bed, general sertice
Bed, nospilal, standard
Bed, surgical

Belting, leather
Bituminous built-up roofing, surfacing materials

Board, gypsam plaster
Board, gypsam wall ._

Bottle, hot-water, cloth -inserted

Bottles, Lot-water, rubber
Brass castings, natal and commercial
Brass castings to bo brazed
Brass pipe, seamless, iron pipe size, standard and
extra strong

Brass rods, bars, shapes, pistes, sheets and strips,

COmmerciaL

Bnck.clar, fire

Bronze, alaminum, ingots (for remolting)..
Broue castings
Bronze castings, aluminum
Bronze castings, manganese

Bronze ingots (for remelting)
Bronze, manganese, ingots (for remelting).
Broom, rattan push.
Broom, ratUn (upright)
Broom, scrubbing

Broom, wire push
Brooms, corn
Brooms, whisk
Brush, blacking and dauber.,
Brush, oaldmins...

see
173m
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Vtitnll ""7—

camber

Ooppor. phosphor
Coppor pipo. •r&mlcsa, and tubiuf, copper,

lea*, slirdard iron pipe ciio

Copprr, Silicon

Cork, compressed (cork boi.rd)

Cork, nound, for insuUluic porpoies. a...

Cot, foldinf, cnnvfti...

Cot, hospital, foldinc.
Cct, liberl7, steel

Coti, rubber flnicer...

OoUon, absorbent

Cotton sirpltna cloth, morcerized, gr^de A
Cotinn duck, nuuibored
Cotton fabric for watcrprooflnc, asphalt saturated
woTcn

Cotton pillowcases, bleached

Cotton ra^s, colored, for wiping machiner; (ateri-

lited)

Cotton rags, white, for wipius machinery (steri-

lized)
Cotton shectirj, bleached wide
Cotton sheetins, brown

Cotton shoeliny. brown r:ile

Cotton sheets, bloached (medium and high count
sheciinz)

Cotton wBs'.e, colored
Cot'^n was'.c, white

Cnps, sponge and pin
Cushions, rin?, cloth inserted

,

Cushions, rins, rubber
Cyanide, sodium (for use as an iniecticide i

gation)

PaUt prodncta
Dam, rubber
Damp prooflcs, asphalt for waterproofing and
Damp proofing, ooal-tar pitch (or waterproofing and

Dtnim, blue. indicD (abrunk)
Dsnim, blue, inriijts (uaolirunk)
Deniiji, brown (slirunk)

Denim, brown (unshrunk)
Dental araalgira alio?

Desks
Drcdciug sleeves
Drier, paint, liquid
Dry cells

Duck, cotton, numbered.

Duck, light weight (Army duck, gray) :.

Duck, tent (special ccns'.ruction for blcachins or
dyeing, gray)

Dcsler, coun'.f^r

Slectric lamps, lar^e tun^ten filament incan-
descent

Imc ry clot h
Enamel, red. T/&tcr resisting

Kosin Y (C. I. No. 76S)

Ether, petroleum
Eztingu'sher, fire, b&nd chemical (carbon tetra-

chloride), I quart
Kztinguishers. flro, h;:;.^ chemical (soda-snd'acid

type)

Fabric, cotton, for witorproofing. asphcU sa'ufilod
wofcn ,

Fii\eners. paper, brncs
Pec d 3 an (i forage
>elt. csphult baturatcd rag. for roofing and wator-

prooluif .:

Velt, cofiVtar saturated ras. for roofing and water-
proofing -

lell. hair

Fe'/., rah'' (>>rflAshingf. asphalt saturated
Fenochi'jmo
Fcrromsugincso

FcrTono!ybacnuci.
f-irr-jGihcon

Ferroutanium
Ff:ruvtnatliura
Forrj'.o z'^a. tjbea fcr, and condenser tubes

(Admiitlt/ melal)

201
309
301
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Federal
Speci-
fications

Federal B"««

Board
I
-
*"^

number Olrcnl&r
nujnbor

Iron caBtings, hieb test ^ay (semisteel).
Iron castings, malleable
Iron, pip, foundry
Iron, aaions, malleable, or ctccl

Iron and steel, welding wire

laicps, electric, large tuncsten filament incandes-
cent

Lead, piz
Lead, red, dry and paste
Lead, sheet

Lead'tin solder
teftd, white, basic carbonate, dry and paste..

Lead, white, basic sxtlphatc, dry and paste...

Leather belting

Leather, lace

tecther, sole

Leather, upholstery
Ligatures, catgut, boilable (3urgi(,al catgut suture

material)
Lime, hydrticd, for structural purposes

Lime (quick), for structural purposes
Licclcum, battlcchip
Linoleum, plein, inlaid, and printed
Liquid^ fre extinguishing (carhon tetrachloride

base)

Lithoponc paint, flat interK
Lithopore pairt, clors

'

, Tvhitc nnd Ucht lints..

, - . ., )r, while and light lints.

Lubrfcan'^'and liquid Tucls, and methods for tesliny

(price. 15 cent'j) .

Lumber (grading and inspection rules)

Magncsiz. asbestos plaster
Maguesia molded pipe coTcring and blocks

,

Manganese bronze caciings ,

Manganese bronze ingots (for remelting)
Manganese, fcno

Manganese ore
Kafint:. rubber
Uattir.^, rubber, far u::c around electrical appz.ratu8

or circUi(3 not exceeding 3.COO »olts to ground
Measuring devices, liquid, retail type ,

Meet and meat food products
Metr.Is, gcno--l Epccificatioas for

Millboard, esbeytco
MoIybd(»num (ferro)

,

Hickcl, fcr rcmclling

nickel r.tecl, slrut-tural

Ocher. dry and pft.»te

Oil, cctVon?ccd (edible grade)
Oil, linseed, raw, refined and boiled..

Oil, olive (edible grade)..

Oil. rjad, fox hot application (type OH-I-25).
Ore, chrome, ground
Ore. ratnganeae
Oxide, JeaJ^rd zjnc, dry and paste
Oxide, zinc,' cry and paste

roctiing, asbestos high pressure rod...
Packing, asbri/uis metallic cloth sheet..

Packing, edbcttos sheet, cvrnpreased...
Packing, asbcs'-os talfe ctem
Pccki;ig, duphiagrn

PacUcg, fabric condenser tube
Packing, fiber, fcr lubricalirg and faeloU..
Packing, flax

Packing, !oTC-7fres6ure spiral gland
Fackiog. metallic (Czed rinj typo)...

Packing, meUUic, flexIbV?

Packing, Ciet::llic, plastic

Parking, semiraetallic
^ cckiag, metallic, soUd (Qoaltog ring type).

Parking rings for boiler blov-off Talrea
Packing, ruubcr, cloth injctiou
Packing, rubber, wire iuDcrtion

Packing, rubber, and gaskets (molded, obcct, sad
Dtrip)

Packing, Tucks
Padlocks
Pads, surgical operating
Paint, black, semipaate and reiidy mixed

1 Bureau of Mines Technical Paper No. 933A

C84
C85
CHS
C213

C201
C191
C190

C23a
C24S
C241

Pr-int drier, liquid
Faint, Krt;cn. seniipasto and ready mixed
r<i.int. Ulhopone, flat interior, white and light tints..

Paint, Ut hopone, gloss inleriorr, while and light tints,

Paint, olivo drab (semiptste and ready mixed)
Paints, iron oxide and iron hydroxide ,

Paint, outside while titanium-zinc (semipaste and
ready mixed) ,

Faints, thinning, volatile mineral spirita for

Faiuls, thinning semipasle, when the use of straight

linseed oil is not justified

Fainl, \t-hitc, and tinted paints made on a white
base, scmipaste and ready mixed

Paper, blotting, 25 per centrcg, white and colored..

Paper, blotting, desk, colored ".

Paper, blolling, white and colored ,

Paper, blue print, No. 1 grade (sensitized and un-
sensitized)

Taper, blue print, No. 2 grb.de (sensitized end un-
8ensiti3ed)

Paper, blue print, No. 3 grade (sensitized and un-
sensiiized)

Paper, bond, 50 per cent rag, white and colored

Paper, bond, 100 per cent rag, white and colored...
Paper, bond, culpiiitc, white and colored
Paper, brown process (sensitized and unsensitized)
Paper, chart
Paper fasteners, brass

philo..

Paper, flint

Paper, garnet
Paper, general ."jpecificationsfor

Paper, ledger, 75 per cent rag, white »-

Paper, ledger, 100 per cent rag, heavy.

Paper, ledger. 100 per cent rag, while
Paper, manifold, 50 per cent rag, while and colored.
Paper, mamfold , 100 per cent rag, white and colored
Paper, map. lilhogrcph-finiBh
Paper, map, 60 per cent rag, lithograph-finish

Paper, map, 75 per cent rag, lilhogTaph-finish..,..

Paper, mimeograph
Paper, mimeograph, 50 per cent rag
Paper, wrapping, kxaft
Paper, wrapping, rope manila

Paper, wrapping, sulphite manila
Paper, wrapping, wcod manila
Paper, T/ritiDg. sulphite, white and colored.
Paste, office and library
Paste, polishing

Pavement CO nctruction. asphalt for use inroad and
Petroleum asphalt for Joint filler (squeegee or pour-

ing method) typo PAF-1-25
Pell oleum ether
Phosplior copper

Phosphor tin

Pigment, titanium, dry and paste.
Pillowcases, cotton, bleached
Piilnwcasee, rubber

,

Pillows, air, rubber

Pipe, braes, seamless, iron pipe size, standard and
extra strong

Pipe, cast iron, fioil, and fittings, coated and nn-
ccatcd

Pipe, ooppcr, seamless, and tubing, copper, seam
iC30,, standard iron pipe f

Pipe covering and blocks, magnesia molded
Pipe threads
Pifc, welded steel (black and galvanized)
Pipe, wrought iron (welded) (block and galvanized)
Plasltr board, gypsum

Plaster, gypsum
PlfEtcr, magnesia asbcsloa..
Polish, liquid metal
Polish, silver

Polishing paste

Poftland cement (price. 16 cents)
Powder, ioEcct (pyrethram powder)
Powder, soap ,

ProsorvatiTes, wood, and pr9C«Mei of lr0»tia«iu.

130a
13U
177a
139a

C10»
C97
cm
OUT

C31B

cea

ciot

C89

01«3
C977
C224
C268

943
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Fed«nl
8pMi
flntioni
Board

Bttfflb«r

Plotialoni:
Camli and c«re*l prodocta
Coff«<, ttt, and cacao ptoducta
Condimenu
Dairy prodncU --

Frnlu ((r«sb, canned, and dried) and buU prod-

ucta

Keatand meat food producln
MisceUanooOB proviaiona

Sea (bod (frcah, aalt, amoked, and canned).
Socar end ancar producU
Teietablea (ficab, canned and dried)

Pnlly.,

Ooicklime for alr'ictuial purposes..
Badio rocoivinic olectron tubes ..

Eag felt tor lleahiogs, osphali saturated

Ran, colored cotton, (or wiping machinery (ster-

iLzed).
white cotton, lor viping machinery (ster-

ilized)

Bed lead, dry and paste

Kafractorics, (hc'Jc fire-clay

Kefrijeratora.... ;

Bibhona, computinz and recording machine..
Bibbons, hec:ograpu
Bibbons, typcw;itor •

Bing cushion?, cloth.insertcd
Ring cushons, rubber
KiDRS, rubber jar -

BoaJ oil for hot tpplication (type OH-1-85)
Eoad and pavcnent construction, nsphalt for use in

Bods, woldiur, nonftrrous. for gaa wcldins
Roofing, aaphoi: f.ir raincral DUiraccd
BooSug, asybr.it iircpared
ZtooHng. esph.Tlt primer for, end woterprooflag

K^oflui;. asph.-.U titurated rag felt for, and wster-

prcoEns

Kjoflng, asphf.lt tor nnsurfaced built-up
Hjoflag, coal-tM pitch tor

Bjoflng, coal-tar sjiuritod rig felt fjr, and «ater<
p;ocfln:

Sooflas, construction oi built-up, lypc lACS

BooSng, construction of bnilt-'jp, typo 3i"CS

nootiTit, constrt:'M;ou of bjilt-np, type 4.4CS

^cofiTig, oont ruction of biiit-np, typo 4AWS
roofing, conr.lruciion of built-up, lyue 'ITCS

P/)oflng, oonatructionot b\;ilt-u?. ty>)C. -iTWS

EoofiEg,
Koofinc,
Poo*ifl?i

Pooling,
Bcoau;,
up bi!

Roollng, insHliatiouoC j'.aiUc flatairca with

; aud alir.ilcs, luph^t ^icp.rcil, olui'

, cnrfAciuc jjaatcrijb icx Uilubunoua

conjlruclion of built-up, typo JACS.
oon.stiuctioB of built-up, lypn bA WS.
con^iructionnC built-up, typo (TCS.
Ron'.:rQc.ionof tiiilt-uv-, tfvo 6TWS.
ln3iAl'.a::o3 ol lactri u&sur.iit with

.tuminuu:!..

bu^-t-

"tuilt-

. "E-
Hocaifg'i

faced..
Roofing,

Bope, m^niln
Ivspo, wicu (price, 15 car.13)

.

Kubbcr r.p<*o'?3, .urgoonr,*!..

Bubbor bamiofic™
r.abber banda

Bubbor cathctcra
Rubber cemt-r^ !or nvedical rubber goods ,

Enbbor coTcijd T.iics iud cables tor ordinary pur-
poses

Bnbber dam .'

Buhber fjiger cot«
iiubber gIc7C3 tor electrical workers (for use in
connection with apparatus or circuits net exceed-
ing S.OOO Tolls to ground)

Zlubbur gloTcs, turgoona'

tubber goods, general specincations for (methods
of physical irits-ttd cboiical analyses (price, 10
e«ntt)

Bulbar hose, i.ic'al gaioline
Bubbtif hol-watcr bctlu:; ,

SUnd-
ardfl

Circolar
number

Ciie

"cm
Ctii

casi

C188
C187
cise

C159
C192
cie>

C172

C176
C173
C170
C170
ci7a

c;-4
C171
C177
C!73

ens

esse

C232
C2e»
C2'18

Federal
Spec!
Ocations
Board
number

Bubher lc« bags
Rubber iar rings „
Bubbcr-lined fire hoae, cotton (conpUngs and gas-

kets)
Bubbor matting

Bubher matting, for use around electrical apparatus
or circuits not exceeding 3.0C0 volta to ground

Bubher packing, cloth-insoiilon

Rubber packing, wire-inacrtion

Rubber packings and gaskets (molded, sheet, and
strip)

Bubher pillowcasei
Rubber piUowa, air

Bubbcr ring cushions..
Rubber sheeting
Bubber stoppers

Bubbor syringe, fountain.
Bubber tape, insulating...

Bubber tips for crutches..
Bubber tubing

Bubber folrcs
Bulcrs
Bust.prerentiTc compound, heavy
Bust. preventive compounds, laedium and lijht...

Safes, burglar-resisting

Safes and cabinets, insulated
Scales, railroad-track.
Scissors, shears and
Screws, wood
Sea food (fresh, salt, smoked, and canned)

Seams, stitchca and stitching (price, 20 cents)

Shades, window, shade cloth, rollers, slats, and
cords

Shears r.nd scissors ._.

Sheeting. co;ton, bleached wide

SheeUiig. cotton, brown
Shce'-ing, cotton, brown wide
Sheeting, rubber
Sheets, cotton, bleached (medium and high count
checting)

Shellac, Sake orange
Shellac varuiih
Shlnzies, roofing, and asphalt, prepared, elate-

»urticed
Silicon copper _

Silicon, terro.... ..— -

surer aolder
Sizes of hosiery, mencmring
SiKtc-surfaccd, asphalt prgpared rcoflng and

sliiuglos
Sle.^vcs. dredging
Soap, automobile - —
Socp, chip

Soap, ctil, cuke,.
Sor..o, urit. hand.
Soap, laundry.
Soap, liquid -

Soap, liquid (lor laundry use).
Soap powder

rdinary..

Scap, powdered (for laundry use)
Soap, ealt-watcr
Coap. scouring compound, coouring c^dfonnds

for doors - _

S0.1P, toilet, milled
Soap, white, floating (for toilet use)

Sodium cyanide (for use as an insecticide in fumi-
gation)

Sodium fluoride (imiecticide)

Solder, silver

Solder, spelter (for brazing)

Solder, lin-tead
Speller solder (for brazing)
Spc'.ter (zinc slab)
Spioi^elciscn
Spring bottom, adjustable (Qatcb frame)

Steel blooms, billets, slabs, and bars for reforging,

carbon and alloy

Steel ca:.tinRS.

Steel (simi). high-test gray iron casting'.!

Stcfl, cl.'ucluiftl.for bridges

Sund-
ards

CircuUr
noobcr

2}2a
i27a
2S3a
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Federal
Speci-

fic ationa
Bo&id
namber

Sieel.&tracttircl.for b'liidings...

Steci, slruct\iral,£or cars

Ste*l, alrut-tural nickel

Cteel unions, malleable, or iron.

Steel wetdinc wire, iron and

Sterilisers, drcssin; conUiners and sUnda. port-

able lockers for uso in cocjuociion ^ith sterilizers,

electric heaters, and steam sterilising apparatos.
S'.ilches, seams, and stI*.c^liDp (price, 30 cents)—
Stoppers, rubber

Sasar and suc^ products
Sweep, floor, nair

Switches, knife ,

Swiwhee, snap
Springe, ck:h-inscrtcd fountain...

Sriince. rubber focntaic

Tableware, glp^3
Tabloware, silTer-plated....

Tape, f.-icuon

Tape.rubber-insolatinv
Tar, ooal, pitch for roofing.

Tar. ooal, pitch Cjr waterproofing and damp prool-

Tar, coal, catur&tcd rag fell for roofing and water-
proofing

Tar. refined, for construction

Tar, refined, for hot epplicfilion (typo TE-l-25)
Tar lur use in repair work ..,
Tara for cold applica'.io:

Tea, cciTee. and cacao prrOucts
Tent tlack (special oonstruc'.ioa f^-r blcachii^g or

dyeine, gray)

Textile materials, general specifications
(seihod.^! cf physical and chemical tests)

Thermometers, clinical

Threads, pipo
Tin-lead solder

Tin. phosphor
Tin. pig
Tips for cratches, rubber
Tirej. pneumatic, solid, and inner tubes..
Titanium, ferro

,

Titanium pigment, dry and paste
Titanium-zinc paint, oq^side white (semipaste and
ready mixed)

Trays, odce. sectional fumitare. cabinftts, and

Stand-
ards

Circular
number

cm
C230
C157

C155

ClSfl

Cl$3

C215

Fodrri]
Spoci'

fications
Board
number

Tube, stomach or larage
Tubes, boiler, iron. Up welded charcoal
Tubes, boiler, lap welded and seamless steel

Tubes, condenser, and tnbec for ferrule stock
(Admiralty metal)

Tubes, inner, pnoum&tlc. solid tires and
Tubes, radio receiring, electron
Tubing, copper. eeamJcsg. und pipo, copper, a

lees, standard iron pipo size -_.

Tubing, flexible, nonmetalllc
Tubing, rubber
Tnrpeniino (gum spirits end wood turpentine).

Unions, malleable iron or steel

Valves, rubber _

Vanadium, farro
Varnish, asphalt ,

Varnish, interior

Varnish, shellac
Varnish, cpar, water resisting ,

Vegetables (fresh, canned and dried).
Vitrified cliinaware

Wall board, gypcum
W&ito, cotton, colored
Waste, cotton, white _

Waste, wool, colored
WeterprooCng, asphalt for, and dampproofing

Waterproofing, asphalt primer for roofing and
Waterproofing, asphalt saturated rag felt for roofing
and

Waterproofing, coal-tar pitch for, and damp proof-

Waterproofing, coal-tar saturated rag felt for roofing
and.. _

Welding rods, conferrous for gas welding..
Wire rope (price, 15 cents)

Wire, welding, iron and steel
Wires and cables, rubber coTered, for ordinary
purposes

,

Wood preservatives, and processes of treatment...
Wool waste, colored ,

Zinc oxide, dry and paste ,

Zinc oxide, loaded, dry and paste
Zinc pamt, titanium, outside white (semipaste and
ready mixed)

Zinc slab (spelter)

;und-
arda

Circular
number

£63a
262a
264a

HI
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A DIRECTORY OF SPECIFICATIONS

Considerable economy can be realized in the purchase of commodities by the use of specifications.
Real competitive bidding can bo invited, and the delivery of satisfactory material can be insisted upon.
To an cver-increasinji; extent State and city governments, public utilities, and the better organized industrie*
of the country are adopting the use of specifications, which has been a feature of Federal Governoieat
purchasing for many years.

Information regarding the best known specifications for more than 6,000 commodities is given in
convenient form in the National Directory of Commodity Specifications, which has been issued by tho
Bureau of Standards with the cooperation of the Bureau of Foreign and Domestic Commerce of the Depart^
ment of Commerce. The book tells not only what specifications arc in general use, but also by whom
they were prepared and wli'^re copies can be obtained. In it are conveniently indexed for ready finding
about 27,000 specifications prepared by the Federal Specifications Board and the separate departments
of the Federal Government, by State and city purchasing agents, public utilities, technical societies, and
trade associations. At the request of Secretary Hoover an advisory board was selected by these interests

to represent them in supervising the preparation of the Directory.
The contents include; \ statement and indorsement by the advisory board, a foreword by Secretary

Hoover, a thoroughly classified list of specifications for all types of commodities. There are also included
an alphabetical list of commodities, which serves as an index to the specifications, and directions for
obtaining copies of specifications listed in the Directory.

Summary of commodUies and specifications therefor

000
100

200

300
400
500
600

700
800
900

Commodity groups

Animal and animal products
Vegetable food products, oil, seeds, expressed

oil, and beverages...
Other vegetable products (except fibers and
wood)

Textiles
Wood and paper
Nonmetallic minerals
Ores, metals, and manufactures (except machin-

ery and vehicles)

Machinery and vehicles
Chemicals and allied products
Miscellaneous

Total --

350

525

400
275
625
725

1,700
800
600
650

6,650

Approiinule
Dumber of

speclflcallons

1,600

2,100

800
1,900
3,300
3,300

6,400
2,900
2,400
2,400

27, 100

Whether you are a producer or a consumer, a seller or a buyer of commodities; whether you are inter-

ested in the preparation or in the use of specifications, the Directory contains for you information which
you can not afford to do without. It is printed in small, but legible type, and thus the number of pages

has been kept at the minimum, 385, without sacrificing the usefulness of the Directory. It is bound in

cloth.

The cost of printing and binding the book at the Government Printing OflSce is $1.25.

DIRECTIONS FOR OBTAINING THE DIRECTORY OF SPECIFICATIONS

Copies of the National Directory of Commodity Specifications may be obtained from the Superin-

tendent of Documents, Government Printing OflSce, Washington, D. C, by sending with the order a remit-

tance either in the form of post-office money order, coupons (issued for the specific purpose of purchasing

Government publications), express money order. New York draft, or cash—at the sender's own risk.

It is important to follow these directions explicitly to avoid delay and confusion. If the Directory is to

be shipped to a foreign country (other thab Mexico and CanadaU add one-third to the price, making the

lotAl S1.07.



REPORT OF COMMITTEE V—TRACK

J. V. Neubert, Cliairtfum; C. R. Harding, Vice-Chainnan;

J. B. Akers, F. H. Masters,
L. B. Allen, S. B. McConnell,
Victor Angerer,* C. M. McVay,
W. G. Arn, J. C. Mock,
J. B. Baker, J. B. Myers,
C. W. Breed, A. J. Neafie,
H. W. Brown, G. A. Peabody,
H. G. Clark, W. H. Petersen,

J. W. De Moyer, O. C. Rehfuss,
J. E. Deckert, R. B. Robinson,
L. W. Deslauriers, I. H. Schram,
E. B. Entwistle, G. J. Slibeck,

F. S. Hales, G. M. Strachan,
W. J. Harris, J. B. Strong,
O. F. Harting, E. D. Swift,
T. T. Irving, J. R. Watt,
H. D. KXECHT,
E. R. Lewis, Committee.

To the American Railzvay Engiirceri}ig Association:

Your Committee respectfully presents herewith report on the subjects

assigned as follows

:

(1) Revision of the Manual (Appendix A).

(1-A) Report on matter now appearing in Manual relating to curve

elevation, canvassing the various railroads with a view of ascertaining their

practices and views, and recommend such changes as are found to be desir-

able (Appendix B).

(2) Detail plans of switches, frogs, crossings and slip switches, includ-

ing self-guarded frogs (Appendix C).

(3) Track construction in paved streets (Appendix D).

(4) Specifications and designs for foundations under railroad crossings

;

also tie spacing or timbering under crossings (Appendix E).

(5) Outline of work for ensuing year. (The Committee's recom-

mendations are given under "Recommendations for Future Work.")

Action Recommended

1. That the changes in the Manual outlined in Appendix A be approved

and that revised version be substituted for the present recommendations in

the Manual.

2. That the conclusions in Appendices C and D be adopted as recom-

mended practice and published in the Manual as outlined in these reports.

3. Tliat reports and plans as outlined in Appendices B and E l>e

received as information only.

Bulletin 292, December, 1926. "Died May 5, 1026.

A
177



178 Track

Recommendations for Future Work

1. Revision of the Manual.

1-A. Continue study and report on the matter now appearing in the

Manual relating to curve elevation, canvassing the various railroads with a

view of ascertaining their practices and views, and recommend such changes

as are found to be desirable.

2. Continue study on detail plans of switches, frogs, crossings and

slip switches, including self-guarded frof^s.

3. Continue the study of track construction in paved streets.

4. Study and report on specifications and designs for foundations

under railroad crossings; also for tie spacing and timbering under crossings.

5. Study and report on methods of reducing rail wear on curves,

particularly in reference to oiling rail or oiling flanges on wheels.

6. Outline of work for ensuing year.

Respect fuly submitted,

The Committee on Track,

J. V. Neubert, Chairman.

Appendix A

(1) REVISION OF MANUAL

J. V. Neubert, Chairman, Sub-Committee; C. R. Harding, L. B. Allen,

J. B. Baker, O. ¥. Harting.

The Committee recommends the following changes in the Manual and

to adopted plans

:

Withdraw Plan No. 670, Standard Dimensions for Solid Manganese

Steel Frogs, dated November, 1920, adopted March, 1921, and substitute

plan No. 670 (same title), dated Novcmlx^r, 1926.

(Revised plan shows considerably more detail and is clearer than the

previous plan, and also details rail sections of heavier weight than hereto-

fore contemplated. Details on revised plan are given for frogs No. 4 to

No. 12, inclusive, instead of for No. 4 to No. 20, inclusive, as on previous

plan, the Committee believing frogs above No. 12 not being economical

for standard use.

This revised plan amplifies plans No'. 651 to No. 656, inclusive, of

solid manganese steel frogs; but none of the information given conflicts,

plans No. 651 to No. 656 not being complete in all details and do not cover

heavy rails.

Withdraw Plan No. 700, Application of A.R.E.A. Crossing Designs and

Recommended Practices, dated November, 1921, adopted March, 1922, and

substitute Plan No. 700 (same title), dated November, 1926.

Revised plan is to be the same as previous plan except with the follow-

ing revisions

:
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Add Section No. 2-b, reading as follows

:

"2-b. The points of end frogs for crossings of 50 deg. angle and
under shall be guarded. If special guards are required they

shall be furnished with the crossing. When standard guards
can be applied they shall not be furnished with the crossing

unless otherwise specified."

Add Section No. 4-b, reading as follows

:

"4-b. For high speed main line tangent tracks, where there are

no speed restrictions, movable point construction for angles 8
deg. 10 min. up to but not including 9 deg. 30 min., is recom-
mended."

Add to Section No. 5 the following:

"5 For data on gages and flangewavs in curved track,

see Plans No. 791 and No. 792.

Also add to this Section in parentheses

:

"(This paragraph does not apply tO' electric tracks; where
these are involved the gage and flangeways should be made to

suit the electric track equipment.)"

.•\dd Section No. 5-b, reading as follows

:

"5-b. Self-guarded end frogs may be used where conditions permit.

For details, see self-guarded frog plans."

Add to Section No. 8 the following

:

"8 When base or tie plates are required to be furnished
with crossing, purchaser shall show tie layout on plan supplied

to the manufacturer."

Add to Section No. 10 the following

:

"10 When base or tie plates are required to be fur-

nished with crossings, purchaser shall show tie layout on plan
supplied to the manufacturer."

Add Section No. 11 with headline reading: "Solid Manganese Steel

Crossings. "11. For all angles special tie plates may be used when so

specified. When tie plates are required to be furnished with crossing,

purchaser shall show on plan supplied the manufacturer."

Revisions to plans since last presentation

:

Nos. 651, 652, 653, 654, 655 and 656.

Add note as follows

:

"For heavy rail data and additional options, see Plan No.
670 as redrawn and revised November, 1926; also disregard
tabulated heights and widths designated as 'Casting Data'."

Plans Nos. 701, 702, 703, 704, 705, 706, 707, 708, 7W, 710, 716, 717,

751, 752, 753, 754, 755. 756, 757, 758, 759, 760, 761. 762, 763.

764, 765, 766, 767, 768, 771, 772, 77Z, 77^, 77S, 776, 777 and 778;
Add the following note

:

"For Application of A.R.E.A. Crossing Designs and
Recommended Practices, see Plan No. 700, dated November,
1926."

Plan No. 771-B:
Add the following note

:

"For Application of A.R.E.A. Crossing Designs and
Recommended Practices, see Plan No. 700, dated November,
1926."

Also in type A joint, change 5j/2 in. space to 6j^ in. and
show splice bar 31 in. long. In type B joint, show splice bar 31
in. long.

(Above to agree with Plans Nos. 771, 772, 77i and 777.)
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Plans No. 305 and No. 308

:

Add the following note:
"For tic layouts to accommodate onc-picce guard rails

requiring five tie spaces from 19 in. to 20 in., see plan No. 321."

Plan No. 700-A:
Under "Compromise Joints" in middle of sheet, change

caption of first column to read "No. of Joints" instead of "No.
of Pairs."

On the right half of the plan there are listed nine items

of data to be shown on diagram; add a tenth item reading
as follows: "Tie layout, if crossing is to have base or tie

plates."

Plans Nos. 851, 852, 853 and 854;
Add the following note

:

"Details shown on this plan apply to rails less than 6J/4 in.

high. For details for rails 6j^ in. and higher, see plans No.
205 to No: 208, inclusive."

Withdraw Index, page III, dated March, 1926, and substitute Index,

page III, dated March, 1927. Revised Index, page III, gives on right-

hand side supplement listing plans that are offered for adoption or as

information March, 1927; also changes in plans and specifications listed in

1926 Index, pages I, II and III, made since their last presentation.

Appendix B

(1-A) REPORT ON MATTER NOW APPEARING IN THE
MANUAL RELATING TO CURVE ELEVATION, CAN-
VASSING VARIOUS RAILROADS WITH VIEW OF AS-
CERTAINING THEIR PRACTICES AND VIEWS AND
RECOMMEND SUCH CHANGES AS ARE FOUND DESIR-
ABLE

L. B. Allen, Chairman, Sub-Committee; J. V. Neubert, C. R. Harding,

J. B. Akers, C. W. Breed, H. W. Brown, H. G. Clark, L. W. Des-

lauriers, F. S. Hales, T. T. Irving, E. R. Lewis, C. M. McVay, J. B.

Myers, R. B. Robinson, J. R. Watt.

A questionnaire was sent to 213 railroad officers. Thirty replies or

14.1 per cent of the total were received and are summarized as follows:

1. (Q) Do you use the formula and table for curve elevation shown
in the 1921 Manual, page 184?

(A) 2 roads do not answer the question.
16 roads use the formula and tables, 12 of them with slight

modifications.
3 roads use formula and tables as guide only.
1 road uses formula but elevates to nearest one-half inch.

1 road uses formula but elevates to nearest one-quarter inch.

1 road uses speeds about 5 miles per hour higher than in

table.

1 road uses speeds lower than in table.

3 roads do not use the formula.
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2. (Q) If so, how do you determine the speed for which a curve is

elevated?

a. Where both slow and fast passenger trains use the

track?

b. Where both slow and fast freight trains use the

track?

c. On track where trains are operated at all speeds from

slow freight to fast passenger?

(A) Speed is generally determined by local conditions to insure
comfortable riding of fast trains, safe operating conditions
for slow freight trains and minimum amount of rail wear.
Generally, speed is fixed by experience in conformity with
requirements.
3 roads elevate generally for specific speeds.
2 roads elevate for speed of fastest scheduled trains.

2 roads elevate for average speed.

3. (Q) Do you use the graphs on pages 189, 190 and 191? For what
purpose and to what extent?

(A) 2 roads do not answer.
15 roads do not use the graphs, but one road may adopt

their use in the near future.

8 roads used the graphs, 3 of them as a guide, 3 of them as

a check in connection with investigations of derailments.

4. (Q) Do you use the graphs on pages 192 and 193? For what
purpose and to what extent?

(A) 2 roads do not answer.
18 roads do not use the graphs, but one road may adopt

their use in the near future.

8 roads use the graphs, 2 of them as a guide, 2 as a check
in connection with investigation of derailments, and
one for determining speeds through level turnouts.

5. (Q) If you do not use the graphs (Questions 3 and 4), what
method, if any, do you use for determining overturning, safe

and comfortable speed on curves and speed through level

turnouts?

(A) 8 roads do not answer.
1 road uses formula in Manual.
1 road uses formula in Vol. 15, Proceedings (p. 570).
2 roads have no specific method.
1 road uses formula:

"Elevate curves by the middle ordinate measure-
ment of a chord as long in feet as the speed in

miles per hour plus 50 per cent."
1 road determines safe speed with resultant 3 inches from

center line of track. This road uses 15 miles per hour
for No. 11 turnout and 30 miles per hour for No. 18

turnout.
12 roads determine superelevation on curves and safe speed

through turnouts by experience and actual observation of
conditions.

6. (Q) Would you recommend the following table for the Manual?
(This table is compiled from data contained in the Manual
and data in Proceedings, 1914, Volume 15, page 570.)

a. Up to what degree of curvature do you recommend
this table be extended?
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Table of Speeds on Curves of Given Degrees and With Given Elevation

OF Outer Rail in Inches
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1 road recommends retaining old table in Manual, but
issuing a special bulletin for supplementary table.

1 road recommends using only "Equilibrium" and "Com-
fortable" speeds.

9. (Q) Enumerate some of the factors which you think should be

considered.

(A) 17 roads do not answer.
Factors enumerated by 11 roads are:

1. Relation of curve to grade line.

2. Proximity of stations, crossings, junctions, import-
ant bridges, etc.

3. Types of locomotives and their action on track.

4. Maximum overturning speed.

5. Maximum safe speed.
6. Possibilitj' of overturning inwardly at slow speed.
7. Riding comfort of passengers.
8. Track resistance for freight trains.

9. Desirability of maintaining high speed for passenger
trains.

10. Standards of maintenance.
11. Construction of cars and effect of superelevation on

their mechanical fitness for high speed on sharp
curves.

12. Preponderance of traffic.

13. Rail wear.
14. Wheel flange wear.

10. (Q) Would you recommend a more elaborate explanation of the

application of the table?

(A) 13 roads do not recommend more elaborate explanation.
8 roads do not answer.
6 roads recommend additional explanation.
1 road would not retain the equilibrium table unless it is

followed by clear statement that it is for equilibrium
only, and does not show elevations in the tracks ex-
cept purely as a basis for computation.

11. (Q) Do you recommend a revision of the Manual on this subject?

Please give reasons for or against.

(A) 4 roads do not answer.
20 roads recommend revision of the Manual.
5 roads do not recommend.

Reasons for revision are:

1. Desirable technical information for readily .determin-
ing good practice.

2. Inclusion in Manual will encourage greater use.

3. Subject will be more readily understood.
Reasons against revision are:

1. Sufficient to state in Manual, "some of the factors to

be considered are, etc. (enumerate)."
2. Not necessary.
3. Equilibrium speed should govern. Information cov-

ered should be developed in full, but not made avail-

able in such manner as to encourage exceeding speeds
for which curves are elevated.
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12. (Q) Please give a brief statement of your practice in regard to

Curve Elevation.

(A) Tlii,i question being answered in considerable detail dis-

closes a varied practice on the different railroads.

Conclusions

The Committee recommends that this report be received as infor-

mation only and the sui)ject be continued.

Appendix C

(2) DETAIL PLANS OF SWITCHES. FROGS, CROSSINGS
AND SLIP SWITCHES, INCLUDING SELF-GUARDED
FROGS

C. R. Harding, Chairman, Sub-Committee; J. V. Neubert, W. G. Arn.

J. B. Baker, H. G. Clark, J. W. De Moyer, E. B. Entwistle, O. F.

Harting, T. T. Irving, H. D. Kneclit, F. H. Masters, J. C. Mock,

A. J. Neafie, G. A. Peabody, W. H. Petersen, O. C. Rehfuss, I. H.

Schram, G. J. Slibeck, G. M. Strachan, J. B. Strong, E. D. Swift,

J. R. Watt.

The plans presented in this Appendix and the revisions to the Manual

in Appendix A coming under this subject have been prepared in conference

with the Standardization Committee of the Manganese Track Society.

Item I—Solid Manganese Crossings, Steam Railroad Over Steam
Railroad

To complete series of plans of solid manganese crossings, steam

railroad over steam railroad, the Committee last year presented as informa-

tion to invite criticism, plans dated Dec, 1925, No. 774 of solid manganese

steel crossing, double rail construction, angles below 25 deg. and above 14

deg. 15 min., and No. 775 of solid manganese steel crossing, single rail

construction, angles 14 deg. 15 min. to 8 deg. 10 min., inclusive.

Plan No. 774, dated revised November, 1926, with some minor revisions

is now offered for adoption as recommended practice.

It was the intention also to offer this year revised plan No. 775 for

adoption, but some questions on which there is some difference of opinion

have come up, necessitating further investigation, that will make it desirable

to defer action on this plan until later. This matter will be given further

study next year.

Item II—Movable Point Crossings

In accordance with Section No. 4 of rules on crossing designs and

recommend practices, revised plan No. 700, dated (revised) November, 1926,

the Committee offers for adoption as recommended practice the following

plans of movable point crossing designs and details for angles 8 deg. 10

min. (No. 7) to 15 deg. 30 min.
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NOTES

:

All SPECIAL LENGTH SPLICE BAR BOLTS FOR CONNEaiNG
ADJOINING RAILS TO BE FURNISHED WITH FROG. BOLTS TO HAVE

BUTTON HEADS,OVAL NECKS, HEX NUTS AND SPRING WASHERS,
UNLESS OTHERWISE SPECIFIED

SPLICE BARS NOT TO BE FURNISHED WITH FROG UNLESS
SPECIFIED OR WHEN SPECIAL BARS ARE REQUIRED MAXIMUM
LENGTH OF SPLICE BARS TO BE USED, 30"

ONE OR MORE PLUG INSERTS.OF IRON OR SOFT STEEL, TO

PERMIT OF DRILLING ELECTRICAL BOND HOLES. TO BE CAST IN

VERTICAL WALIS.AS INDICATED ON DRAWING,WHtN 50 SPECIFIED.

FOR ADDITIONAL SECTIONS AND
OTHER DETAILS NOT SHOWN HEREON
SEE PLANS N0S.65I TO 656 INCLUSIVE.
SHOWING INDIVIDUAL FR06S.

BOLT HOLES THROUGH CASTING TO BEj'URGERTHAHBOlTOiUIETE^

THE 4S*BEVEL ENDS SHOWN ARE OPTIONAL; MAY BE
FURNISHED UNLESS OTHERWISE SPECIFIED. (BEY ElfD ENQS
MAY REQUIRE EXTENSIONS SOMEWHAT '..ONCER THANIZ'AKOS
FOR 4- HOLE AND 6-HOLE SPLICE BARS RESPECTIVELY.)

TIE PLATES SHOULD BE USED.
WHEN SO SPECIFIED *a'x8' TIE PLATES OF A MEDIUM

GRADE OF COMMERCIAL MILD STEEL. SHALL BE FURNISHED
WITH FROG. TO SUIT TIE LAYOUT;SEE PLANS.

5EC. R-R WHEN END IS BEVELED (see notes)

STANDARD DIMENSIONS FOR
SOLID MANGANESE STEEL FROGS

PLAN NO. 670REDRAWN & REVISED NOVEMBER 1926.
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APPLICATION OF A. R. E. A. CROSSING
GENER.VL

1. n.ins Nos. 701 to 710. inclusive, for bolted rail crossings,

anj plans Nos. 751 to 70S. inclusive, for manganese steel insert

CTttssings. are applicable for alt mil sections from SO pounds per

\-ard up. and from 2's to 3 in., inclusive, width of head.

2. (a) The plans represent recommendetl practice for general

conditions and are subject to niiKlifications under special condi-

tions. .\dded features such as guard rails or easer rails extended

be>-ond the end joints may be specified without departing from

the general design.

ib) The points of end frogs for crossings of SO degree angle

and under shall be guarded. If special guards arc required they

shall be furnished with the crossing. When standard guards can

be applied the\' shall not be furnished with the crossing unless

otherwise specified.

3. The single rail designs for crossings below 25 deg. angles are

reconunended only for tangent track or for curved track not

exceeding 6 deg.

4. (a) Rigid center frogs are not recommended below 8 deg.

10 min. on tangent track. For cur\ed track the recommended
limiting angle for rigid center frogs is 9 deg. 30 min., for curves

6 deg. and under, increasing one degree for each 2 degrees of

greater cur\-ature up to a maximum angle of 15 deg. 30 min., for

18 deg. curses and over. Movable point crossings are recom-
mended below these limits.

(b; For high speed main line tangent tracks, where there are

no speed restrictions, movable pejint construction for angles 8 deg,

10 min., up to but not including 9 deg. 30 min., is recommended.

5. (a) The gage of crossings in tangent track and cur\'es up
to 6 deg. shall be standard of 4 ft. 8 J 2 i"-. and flangeway standard

of 1 ?i in. wide. In crossings on sharper cur\'es the gage and width
of flangeway shall be widened, if required, to suit the equipment
operating through them. For economy in maintenance, cur\'ed

crossings requiring wider than 4 ft. 9 in. gage, and 2J4 in. flange-

way are not recommended. For data on gages and flangeways
in curved track, see Plans No. 791 and 792. (This paragraph
does not apply to electric tracks; where these are involved the
gage and flangeways should be made to suit the electric track
equipment.)

fb) Self-guarded end frogs may be used where conditions per-

mit. For detail"!, see sclf-Kuarded frog plans.

DESIGNS AND RECOMMENDED PRACTICES
Bolted Rail Crossings

0. In laying out bolted rail crossings to a given angle falling

within the limits given on typical plans, follow general design,

adjusting bolt spacing to suit angle, using number of bolts shown
on plan.

7. Designs with easer rails are recommended for all but light

traflTic.

8. The use of base plates (cither corner plates or continuous

plates) is recommended for all bolted rail crossings from 35 deg.

up and for designs with easer rails below 35 deg. For crossings

of frog construction, 14 deg. 15 min. and under special tie plates

may be used in place of base plates. When base or tie plates are

required to be furnished with crossing, purchaser shall show tie

layout on plan supplied the manufacturer.

Managnese Steel Insert Crossings

9. For manganese steel insert crossings the size of the insert

is determined from the formulae on plans Nos. 751, 752 and 753

for angle "A" of crossing expressed in degrees and decimals of a
degree, and typical design followed in all other respects. For

angles from 45 degrees to above 14 deg. 15 min., the plans cover

two general types marked Detail "A" and Detail "B" respec-

tively to be selected as may Ix.- preferred.

10. Base plates on manganese steel insert crossings are recom-

mended for all angles above 14deg. 15min. For crossings of frog

construction, 14 deg. 15 min. and under, special tie plates may
be used when so specified. When base or tie plates are required

to be furnished with crossing, purchaser shall show tie layout on
plan supplied the manufacturer.

Solid Manganese Steel Crossings

11. For all angles special tie plates may be used when so
specified. When tie plates are required to be furnished with
crossing, purchaser shall show tie layout on plan supplied the
manufacturer.

APPLICATION OF

A. R.E.A. CROSSING DESIGNS AND
RECOMMENDED PRACTICES

NOVEMBER, 1921
REVISED NOVEMBER PLAN NO. TOO
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INDEX
March. 1926

PI AS Pl.VN
No. Dan TITLK

Double Slip Switches

Double Slip Switch Uiyoutsm Nor., 1922 No. S Double Slip Switch, with Movable Center Points with
Uniform Risers Adopted Mar., 1923

M] Not-.. 1923 No. S Double Slip Switch with Mo\-ablc Center Points with
Graduated Risers Adopted Mar.. I92J

M3 Nov., 1923 No. 10 Double Slip Switch with Morahle Center Points with
Initorm Risers Adopted Mar., 1924

t*4 Aug., 1923 .\o. 10 Double Slip Switch with Morable Center Points with
Graduated Risers Adopted Mar., 1924

Details of Double Slip Switches .

SSI Nov.. 1922 Details of .No. .*; Double Slip Switch with Morable Center Poinu
Uniform Risers Adopted Mar., 1923

852 Nov., 1922 Details of No. S Double Slip Switch with Mov-able Center Poinu
with Graduated Risers Adopted Mar., 1923

SS3 Nov., 1923 Details of No. 10 Double Slip Switch with Movable Center
Points with Uniform Risers Adopted Mar., 1924

SS< .Aug.. 1923 Details of No. 10 Double Slip Switch with Movable Center
Points with Graduated Risers Adopted Mai., 1924

Diagram of Preferred Names of Parts
W« Nov.. 1924 Diagram illustrating Preferred .Names of Parts of Double Slip

Switch with Mo\-abIe Center Points Adopted Mar., 1925

Exhibit A-3

Turnouts and Crossovers

Table of Practical Turnout Leads and Table of Theoretical
Turnout Leads Adopted Ma ,

1921

Tnniout and Crossover Layouts
»«l Sep. 20, 1920 Layout of No. 6 Turnout and Crossover Adopted Mar., 1921

9*1 Sep. 20, 1920 Layout of No. 7 Turnout and Crossover Adopted Mar., 1921m Sep. 20, 1920 Layout of .No. 8 Turnout and Crossover with Rigid Frogs.. .. Adopted Mar., 1921

9*4 Sep. 20, 1920 Layout of No. 8 Turnout and Crossover with Spring Frogs.... Adopted Mar, 1921

nS Sep. :0, 1920 Layout of No. 10 Turnout and Crossover Adopted Mar., 1921

!•* Sep. 20, 1920 Layout of No. 1 1 Turnout and Crossover Adopted Mar., 1921

9»7 Sep. 20, 1920 Layout of No. 16 Turnout and Cras«)ver Adopted Mar,, 1921

»•» Sep. 20. 1920 Layout of No. 20 Turnout and Crossover Adopted Mar., 1921

Specifications and Deflnitions

Appeadiz A Speci&cations for the Design and Dimensions of Manganese
Steel Pointed Switches Adopted Ma

Appeodii B Specifications for Swiuhcs, Frogs, Crossings and Guard Rails. Adopted Ma
.Appendix C Definitions of Switch, Frog, Guard Rail, Crossing and Turnout

Termi Adopted M.i

,
1920

, 1921

INDEX—SUPPLEMENT
March, 1927

Plans offered for adoption *

listed in 1926 Indci (Page
I Mar.
made

Plans Offered March, 1927
No. 640. Hated Nov., 1926 Standard Dimensions for Solid Manganese Steel Self-

Guarded Frogs For adoption
No. 643. Dated Nov., 1926 No. 8 Solid Manganese Steel Self-Guarded Frog. (Replac-

ing Plan No. 643, dated Nov., 1925, accepted as informa-
tion March, 1926) For adoption

No. 670. D.itcd Nov., 1926 Standard Dimensions for Solid Manganese Steel Frogs.
(Redrawn and revised, replacing Plan No. 670, dated Nov.,
1920) For adoption

No. 700. Dated Nov., 1926 Application of A. R. E. A Crossing Designs and Recom-
mended Practices. (Replacing Plan No. 700, dated Nov.,
1921) For adoption

No. 720-A. Dated Nov., 1926 .Mternate Tie Layouts for Railroad Crossings, angles up to
90" As information

No. 721. Dated Nov., 1926 Design of Reinforced Concrete Crossing Foundation As information

No. 774. Dated Nov., 1926 SolidMangancseSteelCrossings.DoubleRailC onstruction,

angles below 25° and above 14° 15'. (Replacing Plan No.
774, dated Dec, 1925, accepted as information March,
1926) For adoption

No. 780. Dated Nov., 1926 Solid Manganese Steel Crossings, steam railroad over elec-

tric railway, for 7 ' and 9' girder rails, angles 90 to 60°.

No. 781. Dated No

. 951.

1926 Solid Manganese Steel Crossings, steam railroad over elec-

tric railway, for 7' and 9' girder rails, angles below 60

For adoptic

No. 952.

No. 953.

No. 954.

No. 980.

No. 083.

Dated No ,
1926

Layout of .No. 7 Movable Point Crossing
Details of Manganese Knuckle RaUs and Details of Plates

for No. 7 Movable Point Crossing For adopt:

Details of Movable Point Crossings, angles 8° 10' to 15° .30'

inclu adopti

Dated Nov.. 1926 Details of Manganese Rail Bound Knuckle Rails for No. 8

and No. 10 slip switches For adopt.

Dated Nov., 1026 Alincment details for turnouts, tongue switch construction.

for use in paved streets For adopt!

Ualuil Nov., l')26 .Manganese Steel Turnout Frogs for T' and 9 'girder rails. For adoptii

Revisions to Plans Since Last Presentation

,e-picce guard rails requiring five tie spates from 19 i

Nos. 305 and 308. Add the following notc>
"For tie layouts to accommotlatc (

to 20 in. sec Plan No. 321."

Nos. 651, 652,653, 654, 655 and 656. Add the following note:
. . ^.

'For heavy rail data and additional options, see Plan No. 670 as redrawn and revised Novem-

ber, 1926; also disregard tabulated heights and widths designated as 'Casting Data .

No. 700-A. Under "Compromise Joints " in middle of sheet, change caption of first column to read No.

of Joints" instead of '^No. of Pairs." ,, ,

On right half of plan there are listed nine items of data to be shown on diagram: add a tenth

item reading as follows;

"Tie layout, if crossing is to have base or tie plates."

Nos. 701, 702, 703, 704, 705, 706, 707, 708, 709, 710, 716, 717, 751, 752, 753, 754, 755, 756, 757, 758, 759,

760, 761, 762, 763. 764, 765, 766, 767, 768, 771, 772, 773, 774, 775, 776, 777 and 778.

Add the following note: ,„ . m v
"I'or Application of A.R.F..A. Crossing Designs and Recommended Practices, see Plan No.

700. dated November. 1926."

No. 771-B. Add the following note: .„ . n, v-
"For application of A.R.E.A. Crossing Designs and Recommended Practices, see Plan No.

700, dated November, 1926."
, . , , .

Also in type A joint, change 5H in. space to 6J.J in. and show splice bar 31 in. long. In type

H jiiint, show splice bar 31 in. long.

Nos. 851, 852, 853 854. Add the following note: .

"Details shown on this pl.ui apply to rails less than 6.lj in. high. For details (or i

and hiKluT, sec Plana .No. iU5 to 20S, inclusive."

lils 6l2

NOTE: Plans listed in this index, Pages I, II and III, have been designed for standard tee rails of sections down to and including 80 lb. per
yard in weight and for girder rails as noted. They will not apply in all details for lighter section tee rails weighing less than 80 lb. per yard.
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GRAPH
THIS ORAPH SHOWS MINIMUM AN-
GLES BETWEEN TANGENTS AT IN-

TERSECTION OF CENTER LINES OF
TRACKS FOR WHICH RIGID POINT
CROSSINGS MAY BE USED AS REC-
OMMENDED ON PLAN NO, 70O, RE-
VISED NOVEMBER, 1926.

FpR CURVED TRACK THE CENTER
LINE OF TRACK HAVING THE GREAT-
ER DEGREE OF CURVATURE WITHIN
THE LIMITS OF THE DIAMOND OF
THE CROSSING SHALL APPLY.

NOTES

TOE ENDS OF END FROGS SHALL BE
EXTENDED TO CONNECT DIRECT WITH
MOVABLE POINT RAILS WHEN CROSS-
ING ANGLE AND DETAIL DOES NOT
PERMIT SEPARATE CONNECTING RAILS
OF 10 FT. IN LENGTH OR OVER.

RAIL BOUND MANGANESE STEEL
KNUCKLE RAILS

Gage line lengths of manganese knuckle

rjil casting lor anfiles ST-ttf ,No. 7 and

to but not including IP-iS' shall be as

For angles 1P-25- yNo.

not including IS"-30' thes

be a' 7 - from knuckip ver-

Gage line lengths of manganese knuckle

rail casting tor angles tP-W (No. 7) and

10 but not including )S''-» shall be the

same as shown nn nlan No. 952-

FOR FURTHER DETAILS NOT COVERED
BY THIS PLAN. SEE PLANS NOS, 951 AND
95? OF NO, 7 MOVABLE POINT CROSS-
ING. WHICH APPLY EXCEPT LENGTH OF
PLATES SHALL BE INCREASED TO SUIT
CROSSING ANGLE AND DETAIL.

DETAILS OF

MOVABLE POINT CROSSINGS
ANGLES

T'lO' TO 15"- 30' INC

NOVEMBER 1926 PLAN No 953
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DOLTS TO SAME DETAILS AS RAIL BOUND PftOd BOLTS -DffAWINQ a03.

NO 8 KNUCKLE RAIL

eoi.T9-DlAWiH4 G>04.

NO. (O KNUCKLE RAIL

rh.
m^

sH..,

DETAILS OF

MANGANESE RAILBOUND KNUCKLE RAIL
FOR N0,8 &No,IO SLIP SWITCHES

ALTERNATE DESIGN FOR O.H CONSTRUCTION DETAILED ON
PLANS 8OIT06O4INCLUSIVE AND
PLANS asi TO 654 INCLUSIVE

NOVEMBER 1926 PLAN No. 954
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' fOO WTtOvAL J01KTS.B01.TS TO BE IH'OLAU
•Oa exTERfUlL APMS ON STEAM BAILROA D.

BOLTSTOBe ia"DlAM FORSRAIUriXA FORrOAiL
FOR Err^RNAJ. ARMS OU EtECTRtC OAI
BOtTSTOSe l-tMAM ALL BOLTS TO BtHISMTlKSILe STEEL

Z CB05SIH6 MAY Be FUBMISMEO IN FOUR PARTS
iFSOSftClReD.wlTH INTERNAL STEAM RAILROAD
JOMTS AS SHOWN ON PLAN N<> 761

3 FOB INTERNAL JOINTS On ELECTRIC RAILWAY,
PLANEO bar steel PLATES MAY BE SOBSTTTUTED
FOO THE SPLICE BARSSHOWN IN SECTIONS EE
BARS TO BE iVTMICK

« UITSEO OR LAPJOINT5 MAY BE USED FOR INTERNAL
JOINTS ON ELECTRIC RAILWAY.SIMILARTO STEAM
RAILROAD JOINTS ON PLANN«76I

ALTERNATE DESIGN
B-F'OR CONNECTION WITH TEE RAIL
AND Plain gipder rail
FLANSeWAY RISER IN
ELECTRIC EXTERNALARMS
THE EFFECTIVE PARTOFTME
RISEP APPROACHING THE FLANGE
BEARING SHALLNOTBE STEEPER
THAN Xfc'INI'OF LENGTH AND SMALL E-

MADE A MAXIMUM OF '/iCINI'OF
LENGTH WHEREVEP POSSIBLE
DEPTH OF FLANSEWAY AT FLANGE
BEARING TO BE >C* LESS THAN DEPTH Of
WHEEL FL*N6f OF ELECTRIC BAI

SECTION K-K SECTION L-L

SOLID

MANGANESE STEELCROSSIN6S
STEAM RAILROAD OVER ELECTRIC RAILWAY.

FOR 7"AND 9-&IRDER RAILS.
ANGLES 90eT0 60^INCL.

NOVEMBER,1926 PLAN 780
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CONNECTING RAIL BETWEEN
CPO&SINGS IS LESS THAN 4FTIN
LENOTH.SEE JOINT BETWEEN
CROSSINGS WITH EXTENDEDARMS.

LAP JOINT. TYPE C

ELECTRIC EXTERNAL ARM LENGTHS
FOR DETAILS SEE PLAN 7&0

ALTERNATE DESIGN
B- FOR CONNECTION WITH TEE RAIL AND
PLAIN GIPDERRAIL
BeL0W6O'T04S-|NCL 2-6'

4&'T040'IHCL 2-IO"
C-FOR CONNECTION WITH
GIROER GROOVE RAIL
BELOW 60'T048'INCL7'RAIL26'5PUCEBA9 1-6

1 FOR INTERNAL JOINTS.BOLTS TO BE 1%'DrAM.
FOR EXTERNAL ARMS ON STEAM RAILROAD,
BOLTSTOBClli'DIAM.FOR9'RAIL.rDIAMFOR7'RA\L
FOR EXTERNALARMS ON ELECTRIC RAILWAY
BOLTSTO BE I'DIAM ALL BOLTS TD BE HISH TENSILE STEEL

2 INTERHALSTEAM RAILROAD JOINTS MAYBE
EITHER TYPE A.TYPE B.TYPE C OR OTHER
APPROVED TYPE OFJOIHTA3 SPECIFIED.

3. FORINTERNALJOINTS 0N6LECTRIC RAILWAY.
PLANED BAR STEELPUATES MAYBE SUBSTITUTED
FOR THESPLICE BARS SHOWN IN SECTIONS E-E
BARS TO BE ll^'THICK.

4 MITRED OR LAPJOINTS MAYBE USED FOR INTERNAL
JOINTS ON ELECTRIC RAILWAY SIMILAR TO
STEAM RAILROADJOINTS.

.9' •• 3Z
AB- TOACINCL.T'RAIL Zi'

JOINT BETWEEN CROSSINGS
WITH EXTENDED ARMS-

MAXIMUM LENGTH OFARM^

VJ 5PLICEBAP

FOR SECTIONS
set PLAN 780

SOLID
MANGANESE STEELCR05SINGS.
STEAM RAILROAD OVER ELECTRIC RAILWAY

F0R7AND9"SIRDER RAILS.
ANGLES BELOW 605T0-*0?INCL

NOVEMBER. 1926 PLAN 781.
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OAde oFcuRve midway between
HEEL OF TDN6UE SWITCH AND RT AT
TOE BNDOF FOOOTOBE WIDENED
IN ACCORDANCE WITH PLAN 79t.

WIDENING TO TAPEP FPOM CENTE R
OFCURVE TO STANDARD ©ASE AT
HEEL OFSWITCH AND P.T AT
TOE or FPOO

"-'"e-i
'^*n.

^""-^^"EO SSA. Qu-r TlOHSLie SWITCHES
FOQ WAiN L:NE USE

-^*'-- '-® i_s~-A- o^s /.-^^e £-vPweNT
'','^-«- "-ee.i«u5e:*^-ftco«!TwKEPAjss
-**^ - ***Ei-S tSUSeO **0 W»«N EOLItf^MEMT

^.^ **«=•«» orFU»<»eeO V»«EIS DOES NOT

NOTE:
WHEN EQUIPMENT HAVING PI6ID WHEEL BASE OF THREE PAIRS OF
FLAN6E0 WHEELS IS USED WITH WHEEL BASE EXCEEDING 14-6-

on WHERE MORE THAN THREE RAIRSOF FLANGED WHEELS ARE
USE05PEC1AL PROVISION MUSTBE WADE FOR WIDENING
C»A&E IN ADVANCE OFJOINTAT TOE OF INSIDE TONGUE SWITCH

CURVED TONGUE SWITCH AND MATE
FOR INDUSTRIALTRACKS

SUITABLE FORSITUATIONSONLY WHERE
EQUIPMENT HAVING RIGID WHEEL BASE WITH
NOT MORE THAN TWO PAIRS OF FLANGED WHEELS
IS USED

ALINEMENT DETAILS FOR TURNOUTS
TON6UE SWITCH CONSTRUCTION

FOR USE IN PAVED STREETS

NOVEMBER 1926 PLAN 980
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~~ 5 round rods 9"c-c

Plan of Foundation Slab.

-^

I ROUND RODS 9"C-C . I'ROUNO U ROD

"'-| ROUND RODS 9'C-C

Section A-A .

'

tsPl^i..,.l!,..^.„.,, .,. ,..jL...;^^ffe!^

,15" CONCRETE FOUNDATION SLAB

'-CUSHION OF 4" CINDERS OR S'SAND

Typical Cross — Section Through CROSsma.

jote: provide suitable drainage for crossinq.

LAYOUT
rOn ALL CROSSING ANCLtS

FROM 60* TO so" USE 2 SLABS

I CROSSINGS OF ANGLES 4

DESIGN OF

REINFORCED CONCRETE
CROSSING FOUNDATION

)40VEMBER, 1926 PLAN No. 721
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HEAVY TIMBER WITH | LONGITUDINAL

TIE PLATE OF SUITABLE WIDTH—

.v.v \a g n n

Type I.

Suitable for all angles up to 90!
Crossing drawn at 60*

^ O U U [}

TvpE 3.
Suitable for angles from 50' to 90°,

Crossing drawn at 60*

TyPE 2.
Suitable for angles from 50'to 90°

Crossing drawn at 60"

note: all Tie plates to be 8"x#"
except as otherwise noted.

ALTERNATE TIE LAYOUTS FOR RAILROAD CROSSINGS.

ANGLES UP TO 90!
NOV. 1926. PLAN 720-A.
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Plan No. 951, dated November, 1926, Layout of No. 7 movable point

crossing.

(This plan illustrates No. 7 movable point crossing for both tracks

tangent.)

Plan No. 952, dated November, 1926, Details of Manganese Knuckle Rails

and Details of Plates for No. 7 Movable Point Crossing.

(This plan supplements plan No. 951.)

Plan No. 953, dated November, 1926, Details of Movable Point Crossings,

angles 8 deg. 10 min. to 15 deg. 30 min.

(This plan gives standard details to apply for movable point crossings

witliin this range of angles, referring for further details for open-hearth

construction to plan No. 951 and for further details for manganese con-

struction to plan No. 952. It will be noted also this plan shows a graphic

chart giving application of movable point crossings in accordance with

revised plan No. 700.)

The Committee also offers for adoption as recommended practice plan

of railbound manganese knuckle rails for No. 8 and 10 slip switches, as

follows

:

Plan No. 954, dated November, 1926, entitled Details of Manganese Rail-
bound Knuckle Rails for No. 8 and No. 10 Slip Switches—Alternate
design for construction detail shown on plans No. 801 to 804, inclusive,

and plans No. 851 to 854, inclusive.

(Plans Nos. 801 to 804, inclusive, and Nos. 851 to 854, inclusive, detail

only open-hearth construction for knuckle rails, and the Committee decided

in view of the fact that railbound manganese knuckle rails were in com-

paratively wide and successful use to recommend this plan (No. 954) as

an alternate for adoption.)

The Committee also has under consideration as an additional alternate

solid manganese knuckle rails and expects to make a report on this subject

in next year's work.

Item III—Flange or Self-Guarded Frogs

The Committee offered last year as information to invite criticism,

plan No. 643 of No. 8 solid manganese self-guarded frog, dated November,

1925, and now offers this plan (dated revised November, 1926) for adoption

as recommended practice, revised to show further details, particularly for

use with heavier sections of rail than previously contemplated.

Plan No. 640, dated November, 1926, showing standard dimensions

for solid manganese steel self-guarded frogs, is also presented for adoption

as recommended practice. This plan gives dimensions for laying out frogs

of this type Nos. 4 to 10, inclusive, for all standard sections of rail of

80-lb. weight and over.

Plan No. 643 illustrates application of plan No. 640 for No. 8 solid

manganese self-guarded frog, and the Committee believes plan No. 640
will be found to give sufficient details so that it will not be necessary to

show typical layouts for other than No. 8 solid manganese self-guarded

frog.
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The Committee also has under consideration plans of open hearth self

gijarded frogs. Recommendations on this subject probably will be included

in next year's report.

Conclusions

The Committee recommends that the following plans submitted here-

with be adopted as recommended practice and printed in the Manual

:

Plan No. 774, dated November, 1926, Solid Manganese crossing.

Plan No. 951, dated Novcmlx^r, 1926, No. 7 movable point crossing.

Plan No. 952, dated November, 1926, Details manganese knuckle rails for

No. 7 movable point crossing.

Plan No. 953, dated November, 1926, Details movable point crossings.

Plan No. 954, dated November, 1926, Details manganese railbound knuckle
rails for No. 8 and No. 10 slip switches.

Plan No. 643, dated November, 1926, No. 8 solid manganese self-guarded
frog.

Plan No'. 640, dated November, 1926, Standard dimensions for solid man-
ganese self-guarded frogs.

App>endix D

(3) TRACK CONSTRUCTION IN PAVED STREETS

J. B. Baker, Chairman, Sub-Committee; J. V. Neubcrt, C. R. Harding,

J. B. Akers, L. B. Allen, W. G. Arn, J. W. De Moyer, J. E. Deckert,

E. B. Entwistle, W. J. Harris, S. B. McConnell, J. C. Mock, G. A.

Peabody, O. C. Rehfuss, G. M. Strachan, J. B. Strong, E. D. Swift.

The plans presented in this Appendix have been prepared in confer-

ence with the Standardization Committee of the Manganese Track Society,

as follows

:

The Committee submits for adoption as recommended practice, plans

No. 780 and No. 781 of solid manganese steel crossings, steam railroad over

electric railway for 7-inch and 9-inch girder rails, angles respectively 90

to 60 deg. and 60 to 40 deg.

These two plans conform substantially in detail to plans No. lid and

No. I'll of solid manganese steel crossings, steam, railroad over electric

raihvaj', adopted March, 1924, except show girder rail for the steam railroad

track in place of tee rail. Plans No. 776 and No. Ill have been approved by

the Committee on Way of the American Electric Railway Engineering

Association and also by that Association, and the Committee has arranged

to have plans No. 780 and No. 781 also submitted to the A.E.R.E.A. Way
Committee for their approval, which is anticipated, as these plans are in

line with plans heretofore approved by them.

The Committee proposes to consider plans for iron-bound manganese
insert crossings for a later report.

Plan No. 980, alinement details for turnouts, tongue-switch construc-

tion, for use in paved streets, is also submitted for adoption as recommended
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practice. The leads prescribed in this plan are such that they may be used

with either iron-bound manganese insert turnout frogs or solid manganese

turnout frogs.

The Committee also has under consideration plan of manganese steel

connected straight tongue-switches for main line use and plan of manganese

steel curved tongue switch aiid mate for industrial tracks, which will be

presented in a later report.

Plan No. 983, manganese steel turnout frogs, is also submitted for

adoption as recommended practice.

The Committee also proposes to consider plan for iron-bound manganese

insert type frogs for a later report.

Conclusions

The Committee recommends that the following plans submitted here-

with be adopted as recommended practice and printed in the Manual

:

Plan No. 780, dated November, 1926, solid manganese steel crossings, steam
railroad over electric railway, for 7-inch and 9-inch girder rails,

angles 90 to 60 deg., inclusive.

Plan No. 781, dated November, 1926, ditto, except angles 60 to 40 deg.,

inclusive.

Plan No. 980, dated November, 1926, Alinement details for turnouts, tongue-
switch construction, for use in paved streets.

Plan No. 983, dated November, 1926, Manganese steel frogs, for 7-inch
and 9-inch girder rails.

Appendix E

.

(4) SPECIFICATIONS AND DESIGNS FOR FOUNDATIONS
UNDER RAILROAD CROSSINGS; ALSO FOR TIE SPAC-
ING OR TIMBERING UNDER CROSSINGS

O. F. Harting, Chairman, Sub-Committee; C. W. Breed, H. W. Brown,

J. E. Deckert, L. W. Deslauriers, F. S. Hales, C. R. Harding, W. J.

Harris, H. D. Knecht, E. R. Lewis, F. H. Masters, S. B. McConnell,

C. M. McVay, J. B. Myers, A. J. Neafie, J. V. Neubert, W. H. Peter-

son, R. B. Robinson, I. H. Schram, G. J. Slibeck, E. D. Swift.

The assignment of this Committee is being considered in two parts

:

(A) "Specifications and designs for foundations under railroad

crossings."

(B) "Tie spacing and/or timbering under crossings."

A questionnaire was sent to the engineers of 182 railroads and 62

answers were received, but many of them contained no useful information.

(A)

Plan No. 721 presented herewith was prepared by the Committee to

show a suggested typical design for a pre-cast reinforced concrete railroad

crossing foundation, which is being presented at this time as information

;

tlie Committee solicits criticisms thereon.
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Foundations of this nature arc recommended only for angles above

40 deg. ; the plan indicates that standard 6 ft. by 12 ft. slabs may be used

as foundations for crossings with angles within the above mentioned range.

However, some roads prefer to make special slabs that more nearly fit the

angle of the crossing.

Two types of wooden pile foundation are in use ; one in which a pile is

driven under each crossing frog to support a heavy timber frame, directly

on top of which is placed the railroad crossing ; in the other type piles are

driven as closely together as practicable, on top of which is placed ballast

12 in. to 15 in. thick. Pile foundations are used where filled ground or a

marsh is encountered. One road reports that the heavy timber frame gives

rigidity to the crossing, which in turn produces hard riding.

Those that have used concrete and pile foundations report that the

life of the crossing is prolonged and that maintenance costs are materially

reduced. The information at hand on structural steel foundations is meager,

but the indication is that they are not as satisfactory as those of concrete

or piles.

The Committee has a record of the following foundation installations:

112 concrete (12 railroads) first installation 1916.

48 wooden pile (3 railroads) first installation 1921.

6 structural steel (3 railroads) first installation 1918.

(B)

The replies to the questionnaire indicate that there are in use three

general methods for the spacing of ties under railroad crossings, which the

Committee has named Types One, Two and Three and which are illus-

trated on plan No. 720-A, submitted herewith.

Type One calls for diagonal ties for all crossings up to 90 deg.

Type Two calls for a large timber, placed longitudinally and directly

under each rail of the crossing of the heavy traffic line railroad.

Type Three calls for cross-ties placed at right angles to the tracks

witli the ties under the heavy traffic line running through the crossings.

Type One is favored by six railroads for angles up to 90 deg.

Type Two is favored by eight railroads for angles 50 or ()0 to 90 deg.

Type Three is favored by four railroads for angles 50 or 60 to 90 deg.

For angles below 50 or 60 deg. all rcp(;rting railroads use Type One.

While the assignment does not mention tic plates, the Committee decided

to show plates running longitudinally witli tlie ties, as it favored this design

over the customarj- corner plates.

The Committee will gather additional information and hoix.\s to be in a

position to express, next year, a preference for one of these three types

for recommended practice.

Conclusions

The Committee recommends that this report, including Plans No.

720-A and 721, be received as information only.



REPORT OF COMMITTEE III—TIES

W. J. Burton. Chairman;



190 Ties

"If the effect of traffic is to be defcrinincd a location should
be chosen where on adjacent tracks light, medium and heavy traffic

exists and at a point where the traffic on each track can be definitely

stated in proper traffic units. Ties of the same size, kind of wood
and preservative treatment shall be used and the rail, ballast and
fastenings and plates shall be identical in all cases."

3. That the report on Service Records, Appendix A, be received as

information.

4. That the report on Adherence to Specifications, Appendix B, be

received as information.

5. That the report on Substitute Ties, Appendix C, be received as

information.

6. That the report on Anti-Splitting Devices, Apipendix D, be received

as information.

7. That the report on Proper Size of Hole for Pre-Boring, Appendix

E, be received as information.

8. That the report on Renewal of Switch-Ties, Appendix F, be received

as information.

9. That the report on Annual Reports to I.C.C, Appendix G, be

received as information.

The Committee wishes also to report that during the past year the

Specifications for Cross-Ties and Switch-Ties, adopted by you last March,

were approved and adopted as "American Standard" by the American
Engineering Standards Committee.

It is with deep regret that the Committee records the death during the

past year of one of its valued and highly-esteemed members, Mr. Samuel

B. Fisher. Mr. Fisher was not only a faithful worker and attendant at

meetings, but his remarkable memory and originality had produced many
helpful suggestions, while his interest in the work and kindly ways had

endeared him to the membership.

Recommendat/ons for Future Work

1. Revision of Manual.

2. Continue study of anti-splitting devices and make recommendation.

3. Continue study of proper size hole for pre-boring and make recom-

mendation.

4. Continue investigation and report on extent to which A.R.E.A.

specifications are being adhered to.

5. Make recommendations as to renewal of switch-ties.

6. Report on substitute ties.

7. Report on methods of marking ties to indicate acceptance.

8. Report on metliods of tie acceptance inspection.

9. Develop and recommend a traffic unit for use in comparing cross-

tie life.

10. Report data on average ties renewed per mile of maintained track.

Respectfully submitted.

The Committee on Ties,

W. J. Burton, Chainnan.
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Appendix A

(2) CONTINUE THE STUDY OF SERVICE RECORDS

E. L. .Crugar, Chairman, Sub-Committee ; C. S. Kirkpatrick, M. F. Longwill,

H. M. Tremaine.

Last year's report mentioned the unsatisfactory condition of tie-Hfe data.

This applies not only to general data but also to that being secured from

most existing "Test Sections" which supply information regarding a par-

ticular track and applicable only under identical conditions.

As the annual cost of cross-tie renewals is the largest single item of

maintenance on the railroad, the question of the cost per maintained mile

warrants a very careful study to determine the proper tie to be used. The
final result to be sought is the cost per tie per year, and this question must

necessarily be determined for each railroad by its own study and inves-

tigation.

The principal difficulty results from failure to first determine what

desired information requires the test and then to so design and conduct the

test as to eliminate all variables affecting life except the one about which

data is needed. Relative rather than absolute life should be the aim, because

no practical purpose is served by absolute tie-life unless the data is in such

shape that the results can be applied with reasonable accuracy elsewhere.

One of the most important questions for which data is required relates

to the relative value of ties of different sizes and lengths. It will not do' to

attempt to compare results with one size, or one wood, and one kind of

treatment, in one kind of track, under one kind of traffic, somewhere, with

another size, of another wood, and a different preservative treatment, in an-

other kind of track, under another density of traffic, somewhere else in another

climate. Any difference in results could as well be ascribed to any one, or

any combination of the variables, as to the size alone.

Your Committee therefore recommends that test sections shall be so

devised that all of the variables affecting life, except the one to be deter-

mined, will, as far as possible, neutralize or cancel out. Thus, if the effect

of size is to be determined, the test should be somewhat as follows

:

1. Select a location where all the tics of both or all sizes may be
put in the same track, under the same traffic, rail, etc.

2. Use ties of the same kind of wood for both sizes.

3. Give both sizes the satne preservative treatment, or both no
treatment.

4. Use identical fastenings and plates.

If the effect of traffic is to be determined a location should be chosen

where on adjacent tracks light, medium and heavy traffic exists and at a

point where the traffic on each track can be definitely stated in proper

traffic units. Ties of the same size, kind of wood and preservative treat-

ment shall be used and the rail, ballast and fastenings and plates shall be

identical in all cases.
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Your Committee further recommends that test sections be devised under

the above-outlined principles to secure comparative results as affected by

—

(a) Size of tie

(bt Length of tie

(c) Density of traffic

(d) Climate
(e) Preservative treatment
(f) Kind of wood
(g) Pre-boring and/or adzing
(h) Large and small plates

(i) Cut and screw spikes

Your Committee is further of the opinion that the broad question of

treated versus untreated ties was long ago determined in favor of treated

ties and that tests which have for their purpose the proof of advantages of

treatment are no longer necessary.

Appendix B

(3) ADHERENCE TO SPECIFICATIONS

John Foley, Chairman, Sub-Committee ; F. T. Beckett, R. L. Cook, J. W.
Williams.

The specifications for ties which were adopted in 1926 have had the

endorsement of since being adopted as "American Standard" by the Amer-
ican Engineering Standards Committee.

The acceptance of these specifications as the common standards for both

consumers and producers has had its effect in improving the situation with

reference to adherence to recommended practice.

The number of railroads adhering to standards in their specifications

for ties increased during last year. Some roads awakened to their remiss-

ness in this respect after the receipt of A.R.A. Circular No. IV-45, July 1st,

1926, in which President Aishton called the attention of those responsible

for the purchase, storage, and use of ties to the need for adherence to the

standard specifications, and said also "that the inspection of ties in strict ac-

cordance with these specifications will bring about distinct improvement in

the tie industry," and that "Divergence from them by individual railroads

only vitiates the result of co-operative effort through which they were

developed."

Two trips of observation were again made by the Committee on Ties

during 1926. The inspection of twelve railroads was checked at nine yards

where 5,000,000 cross-ties were seasoning. The ties were representative of

those produced in the territory embracing Southern New England, Southern

New York, Pennsylvania, Ohio, Indiana and Illinois, and of those imported

from the South Atlantic and Appalachian States by the lines in the territory

first named.

So few of the ties examined had been accepted contrary to the require-
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ments of the standard, that the Committee is confirmed in its 1925 conclu-

sion to the effect that ties strictly in accordance with the specifications

can be had by any railroad which insists on getting such ties, without addi-

tional expense. The general excellence of the ties made conspicuous those

of the few railroads which accepted undcrsize and unsound stock. It is

incomprehensible why such reckless inspection persists when there is no

longer any excuse for it.

A few roads whose ties were examined either do not use the standard

size designations or do not mark their ties so as to recognize the size paid

for. These non-con formances with the practices recommended as best seem

to coincide in most cases with instances of faulty inspection. It is to be

expected that an inspector who knows his work is not identifiable after

it has been done, and whose sizes are not those of the "American Standard,"

will know that his acceptances are not comparable with those of careful

workers and will take chances accordingly.

The Committee on Ties once more urges the user of ties to insist on the

delivery of standard ties, in standard sizes, stamped so that the responsibility

for the acceptance of them can be placed.
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Appendix C

(4) SUBSTITUTE TIES

REPORTS FROM RAILWAYS MAKING TESTS

R. C. Young, Chairman, Sub-Committee; S. B. Clement, W. W. Wysor.

Baltimore & Ohio Railroad

Reported by Earl Stimson, Chief Engineer Maintenance.

Date—July 1st, 1926.

Kind—Wyckoff.

These ties were inspected June 26, 1926. No appreciable wear was

observed on any of the parts ; ties generally in good condition.

Bangor & Aroostook Railroad

Reported by Moses Burpee, Chief Engineer.

Date—June 3, 1926.

Kind—Main Concrete.

This installation is described in the 1925 report on Substitute Ties. No
change has since been made in it. An unqualified expression of opinion is not

given as the time which they have been in service is altogether too short

for a demonstration of their efficiency.

Cleveland, Cincinnati, Chicago & St. Louis Railway

Reported by Hadley Baldwin, Chief Engineer.

Date—June 7, 1926.

Kind—Carnegie.

Three thousand of these ties were placed in track in 1908 of which

1929 remain, a reduction from 2948 reported last year.

Duluth & Iron Range Railroad

Reported by W. A. Clauk, Assistant to General Manager and

Chief Engineer.

Date—June 12, 1926.

Kind—Hatch and Carnegie.

All the Hatch ties are still in service. Nineteen additional Carnegie

ties have been removed dre to breakage under or near the rail, leaving

1064 still in track.

Duluth, Missabe & Northern Railway Company

Reported by W. H. Hoyt, Chief Engineer.
Date—May 28, 1926.

Kind—Carnegie and Kimball.

Of the 22,380 Carnegie ties installed in tracks in 1908-9, 20,722 remain,

a reduction of 145 during the year.

The 30 Kimball ties installed in 1914 are all in lilace and giving good

service.

Elgin, Joliet & Eastern Railway

Reported bv Arthur MoxTznEiMER, Chief Engineer.

Date—June 2, 1926.

Kind—Bates Concrete and Carnegie Steel Cross-Tics and Switch
Ties.
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The sixty-two Bates ties installed in 1912 are still in track and in

very good condition.

Carnegie cross-ties (Section M-21) have been put in at various times.

Number placed in track.

Removed 1916
1917
1918
1919
1920
1921

1922
1923
1924
1925
1926

50
260
182

453
306
1165
641

2620
1341

262
31

15,514

Remaining in track

7,311

8,203

The Carnegie switcli ties are of

with heavy switching. The number o

is as follows

:

Lin. Ft.

of Steel Sw.
Ties Used

Year in Renewals
1912 30,452

1913 196,333

1914 142,939

1915 58,314

1916 17,856

Section M-21 and are in yard tracks

f steel switch ties placed and removed

Lin. Ft. of
Steel Sw. Ties
Taken Up A /C
Renewals

1917
1918
1919
1920
1921
1922
1923
1924
1925

Jan., 1926,

1926, incl.

to April,

Z,7i

4,511

6,483

575
4,712

241

846
2,300

180

642

470,173

10

1,907

3,006

526
22,737

24,855

21,903

19,451

18,124

33,700

2,372

148,591

Lin. Ft. of
Sw. Ties
Used in

Construction

5,580

11,527

5,135

2,023

7,120

8,623

6,564

1,582

2,588

717
444

'44i

255

52,599

Lin. Ft. of
Steel Szv. Ties
Taken UpA /C
Track Retired

430

l',6i5

16,498

17,340

5,453

1,582

2,774

4,744

527

1,394

2,271

618

55,246

Linear feet of steel switcli ties used in renewals and con-
struction 522,772

Linear feet of steel switch ties taken up 203,837

Linear feet of steel switch ties in track at present 318,935

Long Island Railroad

Reported by L. V. Morris, Chief Engineer.

Date—June 8, 1926.

Kind—Carnegie.

No change during the year is reported in connection with the installa-

tion of thirty Carnegie steel ties installed in 1909. Eighteen still remain

in track.
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Los Angeles Railway

Reported by B. J. Eaton, Engineer Way and Structures.

Date—June 8, 1926.

Kind—McDonald Concrete.

No new installation of Substitute Ties has been: made. The re-con-

struction of the track in which these ties were laid, has been commenced

and they will then be replaced with crcosoted pine ties.

Pennsylvania Railroad—Central Region

Reported bv J. B. Baker, Chief Engineer Maintenance of Way.
Date—July 15, 1926.

Kinds :

Metal Safety Railway Ties—These ties are still in track and ap-

parently in about the same condition as reported last year.

RiEGLER Con'CRete Ties—No work has been done on these ties, in the

past year, and they appear to be good for an indefinite time, with occasional

slight repairs. No trouble has been experienced with insulation for track

circuits during the last four years.

Snyder Composite Ties—Twenty-five of these ties have been removed

since our last report ; tliose remaining are giving satisfactory service.
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CASEY COHCRETt TJE
IMSTALLE.0 OM THE PEMA^SYLVAMIA RAILBOAO

CE.MTRAL REfllOM

AT MAY^ & AiWMWALL, PA.

Concrete Tie Company—"Casey Concrete" Ties—This is a new de-

sign of tie, of which we have put in 500 in the last year. Photographs

showing the two locations are reproduced on another page. The 100 ties

at Aspinwall are on a tangent in the main track of the Conemaugh Division.

The rail is attached on 80 ties with cut spikes, and on 20 ties with clip

fastenings. The 400 ties at Hays are in the south bound freight track of

the Monongahela River Line of the Pittsburgh Division, on a 2° 30' curve,

in stone ballast on top of the solid slab floor of the Streets Run Viaduct.

The ties were made on the ground at Hays. They are of reinforced con-

crete 8" by 10" by 8' long with %" reinforcing rods, and oak blocks under
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the rail covered by bent steel plates. Two cylindrical spike blocks are

inserted in the concrete at each end of the tie. Special spikes 8j^" long are

used.

Casey Tie—Pexxsvl\ ama Railroad, Aspixwall, Pa.

Casey Tie—Pennsylvania Railroah, 1 \
.
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Pittsburgh & Lake Erie Railroad

Reported by A. R. Raymer, Chief Engineer.
Date—June 12, 1926.

Kind—Standard Steel Tie.

In 1925 it was reported "these ties have about reached the end of their

usefulness. The wooden blocks under the rail are becoming badly decayed

and the steel portion of the tie is badly corroded." Of the twenty ties

installed in 1914 all were removed from the track on June 8, 1926.

Pittsburg, Shawmut & Northern Railroad

Reported by J. N. Thompson, Superintendent Maintenance of Way.
Date—June 21, 1926.

Kind—Carnegie.

Seven hundred and ninety-five Carnegie ties were put in track in 1907 of

which 27 are now in. track. Average weight of ties put in, 177 pounds, when
removed 135 pounds.

Southern Pacific Lines

Reported by H. M. Lull, Chief Engineer.
Date—June 4, 1926.

Kind—U. S. Indestructible.

The twenty-three ties installed near Eagle Pass in 1916 are reported

in good condition.

An additional one hundred of these ties were installed in 1926 near

Houston, Texas. They are in pit run gravel, support 90-lb. A.R.A.-A. rail

and carry high speed heavy service, passenger and freight. These ties are

installed with the use of screw spikes, ties being spaced 22" centre to

centre.

St. Louis-San Francisco Railway

Reported by F. G. Jonah, Chief Engineer.

Date—June 18, 1926.

Kind—Qark or Applegate Steel Tie.

The ties have been in track now nearly twelve years. The creosoted

wooden blocks were all renewed about three and a half years ago, and will

probably last three or four years longer. The corrosion of the steel is

increasing, particularly on outside of the rails. On account of the condi-

tion of tiie tongues or lugs that hold the blocks they will not stand another

bending to permit again the renewal of the wood blocks.

These ties are proving satisfactory as far as maintenance labor is con-

cerned, as less work is required to keep track in line and. guage than where

wood ties are used.

Terminal Railroad Association of St. Louis

Reported by H. J. Pfeiif.r, Chief Engineer.

Date—June 16, 1926.

Kind—Chamberlain.

The ten Chamberlain ties which were installed in 1920 were taken out

of track in 1925 because of being badly broken up and valueless.
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Appendix D

(5) ANTI-SPLITTING DEVICES

L. J. Riegler, Chairman, Sub-Committee; A. M. Clark, A. R. Dcwees.

Anti-splitting devices are used to prevent or retard checking and split-

ting in cross-ties.

Checks and splits are caused by unequal shrinkage during the seasoning

process. In drying, wood shrinks very little in the direction of its fibers,

but it suffers considerable distortion on account of shrinkage in a direction

across the fibers. The latter acts in two directions, along the radius and

tangential to growth ring. Along the radius the shrinkage may be from

four to six per cent and tangentially it is about double that amount. A
graphical illustration of the relative shrinkage radially and tangentially

taken from Bulletin 552, U.S. Department of Agriculture, is shown on a

following page.

The table below gives the approximate average radial and tangen-

tial shrinkages of woods listed as suitable for cross-ties in the specifications

of the Association. It also shows the approximate average shrinkage in

volume and the weight per cubic foot, green and air-dried. These figures

were deduced from a tabulation in Bulletin 552.

Average Weights and Shrinkage of Wooos Used for Cross-Ties

Weigh ts Shrinkage from green to

Pounds per cu ft. air-dry condition, %
Green Air-dry Volume Radial Tangential

Ash 48 39 6.4 2.2 3.5

Beech 55 44 8.1 2.4 5.3

Birch 55 42 8.1 3.4 4.2

Catalpa
Cedar 34 24 3.7 1.1 2.4

Cherrv 38 32 6.1 1.6 4.3

Chestnut 56 30 2.0 1.7 3.4

Cypress 51 34 5.7 1.9 3.0

Douglas Fir 38 33 6.0 2.3 3.6

Elm 52 39 7.1 2.3 4.4

Firs 40 26 5.7 1.8 3.7

Gum 46 36 9.2 3.0 5.7

Hackberrv 60 42 6.4 2.0 4.4

Hemlocks 45 30 5.2 1.7 2.7

Hickory 63 51 9.4 3.3 5.6

Larch 46 36 6.6 2.1 4.0

Locust 61 50 4.6 2.2 3.4

Maple 52 37 6.5 2.0 4.0

Mulberrv
Oak—White 62 48 8.1 2.6 4.0

—Red 64 45 7.1 1.9 4.1

Pine 50 34 5.2 2.3 3.2

Poplars 38 28 5.7 2.0 3.4

Redwoods 38 25
Sassafras 41 32 5.1 2.0 3.1

Spruces 34 26 5.8 1.8 3.0

Sycamore 52 50 7.0 2.0 3.0

Walnut 58 44 5.6 2.6 3.5
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The amount of water in a green cross-tie depends upon time of cutting.

If cut in the summer, it exists in two conditions—free water contained in

the cell cavities and water absorbed in the cell walls. Ties cut in the winter

contain little free water. Removal of the excess, or free water, has no

apparent effect upon the properties of wood, except to reduce its weight.

Shrinkage usually does not take place until the absorbed water is being

removed. The wood dries first on the surfaces, particularly at the ends,

from which transfusion is greatest. When the absorbed moisture leaves the

cell walls, the walls contract. The ends of the tie dry more rapidly and

begin to shrink before the material near the center of the tie. Thus the

cross-section at the ends is actually less than toward the center of the tie.

The tendency to reduce the area at the end sets up tensile stresses across

the grain of the wood. When these stresses become greater than the

strength of the wood across the grain, checks occur.

Shri.\k.\ge as Affected by Direction of Annual Rings; Approximately
Twice as Great Tangentially as Radially

Checks along the sides of a tie result from the same cause as end

checking, but are unimportant and anti-splitting devices are not used to

prevent them.

There is very little information available as to the number of ties

removed from track because of splitting or as to the loss sustained by the

railroads thereby. No accurate records appear to have been made and it

would be difficult to do so. On one railroad, it is estimated that 10 per cent

of the untreated ties are taken out of track because of splitting and 90

per cent because of decay. For treated ties under normal traffic and

average alinemcnt, 20 per cent because of splitting, 50 per cent because of

decay and 30 per cent account of other failures. For mountain curves and

grades, 50 per cent because of splitting, 20 per cent liecause of decay and

30 per cent from other causes.
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While accurate records are not at hand, it seems certain that split ties

come out of track in a much shorter time than the normal ties; also, that

splitting sets up decay, especially when penetration of preservative treat-

ment is not great. Unless the split is so located as to reduce the holding

power of the spike, the failure will usually be classed as decay, whereas

the early decay may have been caused by the split. It seems certain also

that ties tliat fail by splitting are usually taken from, track in the early

stages of their life and thus the loss of life of such ties is relatively large.

The early application of anti-splitting devices will save many ties that

otherwise would become split. The preferable time for application is when

the tic is manufactured. This cannot always be accomplished, as it is well

to inspect and ship ties to the treating plant as promptly as possible after

they are delivered on right-of-way. The most practicable place for appli-

cation is at the treating plant when stacked for seasoning. At that time

the ends of the ties are most easily inspected and irons can be driven at

least cost.

Some of the railroads apply irons only to ties showing incipient check-

ing. Some railroads apply them to all ties of woods having a tendency

to check, that being considered more economical than to later re-inspect

and apply. Ties at treating plants are usually piled high and a scaffold

may be required to reach the upper ties. It is more economical to at once

apply irons to all ties than to re-erect a scafifold.

Application of the device to all ties, and before evidence of checking,

presupposes ability to anticipate location and direction of checks. The

direction of a check can be foretold, but the location cannot always be

determined. In ties containing the pith, splitting usually occurs across the

greatest dimension, due to the greater content of sapwood on the sides,

causing greater shrinkage in the width than in the depth. In ties not

containing pith, splitting usually occurs along the radial lines. In a boxed

heart tie, splits are likely to occur on all four sides. In quartered and

halved ties, splits usually occur on a radius from the pith. Laborers reg-

ularly applying irons become quite expert and usually place them to good

advantage.

All broadleaved woods are inclined to check and require anti-splitting

devices. Needleleaved woods do not check sufficiently to warrant applica-

tion. Both ties intended for use and untreated and treated should be ironed,

as the checking will usually occur during the pre-treatment period of

seasoning.

There are several devices in use to prevent splitting. Up to the present

time only those made of metal have been used commercially. They consist

in general of a narrow strip of metal with one sharp edge to be driven

into the end of a tie. The type most generally used is in the shape of the

letter "S" and these are known as "S" irons. "Z" Irons, "C" Irons and

Crinkle Irons have also been used quite extensively. Another device known

as the binder iron has also been used for test purposes. The last consists

of a welded loop.
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There has been considerable discussion not only as to the relative merits

of the several shapes but also as to the details of the cutting edges. One
common form of "S" iron is ^ inch wide and has an isometric or cold

chisel type of cutting edge, the taper extending for only 3/16 inch. This

leaves 9/16 inch of rectangular section to bear against the wood. Another

type has a cutting edge shaped like a wood chisel, only one side being

tapered. This cutting edge extends 7/16 inch, leaving 5/16 inch for the

rectangular portion.

Your Committee is not prepared to make recommendations this year

on the relative merits of the several shapes or of the details of the cutting

edges.

Corrosion is another matter that has been under discussion. In zinc

chloride treated tics it is very bad. It occurs also in untreated ties and

after some years in creosoted ties. Recently the use of copper-content steel

has given promising results, but your Committee expects to make further

investigation regarding corrosion.

The ordinary types of anti-splitting devices cost from $6.00 to $8.00

per thousand for material, and from $5.00 to $7.50 per thousand for

application.

Checking can temporarily be prevented by the application of moisture

resistant end coatings. Technical Note Xo. 186 of the U.S. Forest Products

Laboratory, Madison, Wisconsin, tells of cold coatings that are applicable

to ties. The two best cold coatings developed at the Forest Products

Laboratory are hardened gloss oil thickened with barytes and asbestine

(very cheap), and high-grade spar varnish and barytes (expensive).

It is possible that the application as a temporary measure of such cold

coatings at time of manufacture of tie would be warranted where ties are

shipped long distances or considerable time is to elapse before the ties arc

placed in the treating yard.
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Appendix E

(6) SIZE OF HOLES FOR PRE-BORING

R. S. Belcher, Chairman, Sub-Committee ; C. P. Howes, Frank Lee, J. S

Ruff, W. W. Wysor.

The pro-boring- of cross-tics is considered K<^>d practice by a considerable

number of the railroads of this country, and in the last few years there

has been a large increase in the number of boring and adzing machines

in operation at wood preserving plants.

Inasmuch as ties of many different woods are bored some variation in

practice is to be expected. Information as to size of hole bored for each

size spike, obtained from roads pre-boring ties is summarized as follows:

%' Cut Spike
Hardwood

No. Reporting 16



Ties 205

In order to obtain additional information on these points, tests are

under way, covering several kinds of wood, both untreated and treated by

two processes. Due to the great variability in wood a large number of

tests is required to secure reliable averages. Your Committee will have

additional information on this subject to submit next year after the above

tests are completed.

Appendix F

(7) RENEWAL OF SWITCH TIES OUT OF FACE VERSUS
INDIVIDUALLY

M. S. Blaiklock, Chairman, Sub-Committee ; W. C. Bolin, W. F. McDonald,

R. W. Willis.

It was decided by the Sub-Committee that the present practice in regard

to renewal of switch ties should be first obtained. A questionnaire was

sent out, and a selection made of those railways most closely in touch with

the several members of the Sub-Committee, the total mileage covered being

approximately 180,000 miles. See tabulation of replies on insert.

The answers to the questionnaire developed that there was no uniform

practice in the renewal of switch-ties, and that renewals in complete sets,

and renewals by individual ties were almost equally divided as to mileage

and number of railroads.

Generally there is no difference in the practice as to renewals with

different kinds of wood, no difference in the practice of renewing switch-

ties on Main Lines, Branch Lines, or Sidings.

All of the railroads reporting state there has been no change in their

practices of renewals in recent years.

The question of the most economical method of renewal develops the

fact that individual replacements are considered the most economical by

the majority of the railroads reporting, but generally the details of the

saving to be effected appear to be based upon general observation rather

than specific data.

Replies to the question, "Which practice do you recommend and why?"
brings out the fact that there is considerable diversity of opinion as to the

benefits of the two methods of renewal.

It is claimed by its exponents that the out-of-face method results in

more uniform bearing and stronger foundation for the turnout, and less

disturbance of the ballast.

The individual replacement method is claimed by those favoring it to

result in greater economy, more uniform strength, and ensuring the full

life of all the material.

The two claims are contradictory and as the Committee recognizes

that the better practice may not be the one used by the majority, it desires

to give the subject further study before making recommendations.
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Appendix G

REPORT ON CONFERENCE WITH FEDERAL AUTHORI-
TIES REGARDING ANNUAL REPORTS MADE BY

RAILROADS RELATING TO CROSS-TIES

W. J. Burton, Chairman, Sub-Committee
;
Jolin Foley, J. H. Roach.

The reports made annually to the Interstate Commerce Commission by

the railroads contain certain data, under Schedule 513, relating to tie re-

newals. Most, if not all, of the Stales require practically identical informa-

tion, tlie State forms being identical with the Interstate.

As previously reported, this data did not permit of the proper deter-

mination of the number of ties renewed per mile of maintained track,

which average your Committee considers a good index, taken together with

traffic data, as to the relative ultimate economy resulting from the differing

tic renewal practices and policies of the railroads.

Your Committee conferred with the Bureau of Statistics of the Inter-

state Commerce Commission and made detailed recommendations as to

modification of Schedule 513. The modifications proposed include

:

(1) The miles of track maintained corresponding with the re-

renewals.

(2) The estimated total cross-ties in the maintained mileage.

(3) The estimated miles of track occupied by bridge or switch-

ties, or other construction, where no cross-ties are used.

(4) The approximate percentages of treated ties treated by each

of the processes used.

Your Committee has received advice dated November 1, 1926, from the

Director, Bureau of Statistics, that its recommendations had been adopted

and would appear in Annual Report Form A for 1927.

It is expected that the several States will adopt the revised I.C.C.

forms without further action on the part of your Committee.

Appendix H

(1) REVISION OF THE MANUAL

W. J. Burton, Chairman, Sub-Committee; R. S. Belcher, M. S. Blaiklock,

E. L. Crugar, John Foley, L. J. Riegler, R. C. Young.

It is recommended that the forms included under the heading "Records

of Cross-ties" be withdrawn from the Alanual.

These forms are not suited for present-day use and as far as the Com-
mittee is aware, have practically never been adopted for use.

It is recommended that the material under the heading "Installation and

Keeping Records of Cross-tie Test Sections" be supplemented as shown in

Appendix "A" of this year's report.
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REPORT OF COMMITTEE XIII—WATER SERVICE
C. R. Knowles, Chairman; R. C. Bardwell. Vice-Chairman;
C. M. Bardwell, p. M. LaBach,
W. M. Barr, E. G. Lane,
S. C. Beach, W. B. McCaleb,
O. W. Carrick, a. B. Pierce,
R. W. Chorley, O. T. Rees,
R. E. CouGHLAN, H. H. Richardson,
J. H. Davidson, T. D. Sedwick,
B. W. DeGeer, H. E. Silcox,
E. A. Dougherty, D. A. Steel,

J. M. Fitzgerald, R. A. Tanner,
E. M. Grime, C. P. VanGundy,
J. P. Hanley, H. W. VanHovenberg,
J. R. Hickox, F. J. Walter,
C. P. Hoover, A. E. Willahan,
S. C. Johnson, F. D. Yeaton,
C. H. KoYL, Committee.

To the American Railway Engineering Association:

Your Committee on Water Service presents its report to the Twenty-

Eighth Annual Convention on the following subjects

:

(1) Revision of the Manual:

Report of Sub-Committee on this subject appears as Appendix A.

(2) Drinking Water Supplies on Trains and Premises of Railways.

Progress report on this subject appears as Appendix B.

(3) Pitting and Corrosion of Boiler Tubes and Sheets.

Progress report on this subject is submitted as Appendix C.

(4) Value of Water Treatment and Comparison of Methods.

Progress report on this subject appears as Appendix D.

(5) Heating Water Station Buildings.

Final report appears as Appendix E.

(6) Duplicate and Standby Pumping Units.

Final report appears as Appendix F.

(7) Gravity and Pressure Filters.

Report of progress appears as Appendix G.

(8) Disposal of Sludge.

Progress report appears as Appendix II.

(9) Design of Track Pans.

Progress report appears as Appendix I.

(10) Wells in Fine Sand Formation.

Progress report appears as Appendix J.

(11) Spacing of Water Stations.

Progress report appears as Appendix K.

Bulletin 292, December, 1926.
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Action Recommended

Your Committee requests the following action on its report

:

(1) That the revised "General Principles of Water Supply Service"

be accepted for publication in the Manual, substituting this report for pages

628-634, inclusive. It is also recommended tliat "Instructions for Care of

Water Stations," pages 645-654, be eliminated and that examination of the

subject-matter in the Manual be again referred to the Committee for

further study and report.

(2) That the report on progress of drinking water regulations be

received as information and the subject reassigned to the Committee for

further study and report.

(3) That the progress report on pitting and corrosion of boiler tubes

and sheets be received as information and the subject reassigned to the

Committee for further study and report.

(4) That the progress report on the value of water treatment and

methods followed in treatment of water be accepted as information and

the subject reassigned for further study and report.

(5) That the report on heating water station buildings and frost

protection for water facilities be accepted as information.

(6) That the report on duplicate and standby pumping units be accepted

as information, the conclusions to be accepted for publication in the Manual

as a part of "The Principles of Water Supply."

(7) That the subject, Use of Gravity and Pressure Filters, be reas-

signed to the Committee for further study and report.

(8) That the subject metliods of Disposal of Sludge at Water Soften-

ing Plants, be reassigned to the Committee for further study and report.

(9) That the subject, Design and Maintenance of Track Pans for

Locomotive Supply be reassigned to the Committee for further study

and report.

(10) That the subject. Methods Used in Securing Successful Wells in

Fine Sand Formation, be reassigned to the Committee for further study

and report.

(11) That the progress report on the spacing of water stations and

capacity of engine tenders be accepted as information and the subject

reassigned to the Committee for further study and report.

Suggested Subjects for Next Year's Study and Report

(1) Continue study of subject-matter in the Manual with view to

recommendations for changes.

(2) Continue study of progress of regulations of Federal and State

authorities pertaining to drinking water supplies.

(3) Continue study and report on pitting and corrosion of boiler

tubes and sheets, taking into consideration character of metal used, method

of manufacture, construction of boilers and quality of water.
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(4) Continue study on the cost of impurities in locomotive water

supply and value of water treatment with a view to reporting on the follow-

ing phases of the subject

:

(a) Study and report on the value of various reagents used
in water treatment with particular reference to the use of sodium
aluminate.

(b) Study and report on foaming of locomotive boilers with
spetial reference to the influence of suspended matter on foaming
and blowdowru

(5) Study and report on satisfactory types of hydrants for coach

yard and general ser\'ice, including various methods of supplying water to

cars with a view to recommending standard practice, collaborating with

Committee XIV—Yards and Terminals.

(6) Study and report on pipe for small service lines, 3 inches and

under, with particular reference to the use of prepared joint cast iron pipe

and copper and brass pipe as substitutes for steel and wrought iron.

(7) Continue study and make final report on the use of gravity and

pressure filters.

(8) Continue studj^ and make final report on method of disposal of

sludge at water softening plants.

(9) Continue study and make final report on the design and mainten-

ance of track pans for locomotive supply, collaborating with Committee

XXI—Economics of Railway Operation.

(10) Continue study and make final report on methods used in secur-

ing successful wells in fine sand formation.

(11) Continue study and make final report on the spacing of water

stations and capacity of engine tenders.

(12) Outline of work for ensuing year.

Respectfully submitted.

The Committee ox Water Service,

C. R. KxowLES, Chairman.
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Appendix A

(1) REVISION OF THE MANUAL

C. R. Knowles, Chairman, Sub-Committee; E. M. Grime, F. J. Walter.

GENERAL PRINCIPLES OF WATER SUPPLY SERVICE

Supply—Quantity

The supply, if possible within economical limits, should be of sufficient

volume so that the total amount of water likely to be required during

the average volume of business in twenty-four hours can be drawn

from the source in seven hours at terminal stations and in four hours at

intermediate stations.

Supply—Quality

The quality of water should invariably be investigated when selecting

a supply. Such investigations should be governed by the use for which

the water is obtained. Where the supply is not required for drinking, the

examination may be confined to the chemical constituents. Where drinking

water is contemplated, it should be examined from a sanitary standpoint

as well. Suitability of water for boiler feed depends not only upon the

presence of mineral in suspension or solution that will cause sedimentation

or incrustation in pipe lines and boilers, but also' upon the presence of

dissolved gases or other matter, organic or mineral, that will cause or

promote foaming or corrosion. The expense and practicability of treat-

ment should be considered, where naturally suitable water is not readily

available. Acid water should never be used without treatment. In general,

whenever the total incrusting matter exceeds six grains per U.S. gallon,

some form of treatment is desirable. However, this depends upon the

quantity used, the character of the incrusting matter and the probable eflfect

of the water when used in connection with other supplies.

Supply—Source

Where water of suitable quality and in sufficient quantity can be pur-

chased at a reasonable cost, it is recommended above all other sources.

Springs should be carefully investigated to determine their yield during

all seasons of the year. The possibility or probability of their pollution

and the quantity of water likely tO' be required in the future should be

considered. If the daily flow of springs is not largely in excess of the

daily quantity required, an impounding reservoir should be constructed.

Lakes, natural ponds, creeks, or rivers require special investigation

in each case. The points to be considered are quantity, quality—as regards

chemical impurities and the amount of sediment carried—future pollution

and riparian rights.

In localities where the surface streams liave intermittent flow, or where

the water of these streams does not permit of treatment, and where the

underground supply is insufficient or untreatable, if there is sufficient
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rainfall to produce an adequate run-off, resort may be had to impounding

reservoirs. Wherever possible, such reservoirs should be located at an

elevation sufficiently above the point of use to obtain a gravity supply.

Before constructing- an impounding reservoir, very careful consideration

should be given to the following particulars—rainfall records, stream

gaging records, average temperature and wind velocity, humidity, character

of the proposed site including size, shape and nature of material, which

may affect the seepage, extent of drainage area, kind of soil and nature

of vegetation on the drainage area which affect the run-off.

In unproved ground, dug well construction should be preceded by test

borings to reveal the strata to be penetrated. The character of the strata

largely determines the size of the well and the kind of construction

necessary.

Artesian wells, where obtainable, are a satisfactory source; however,

their yield is liable to constant decrease and final cessation.

Deep wells that require pumping usually cost more for maintenance

and operation than other sources, are generally, for that reason, undesir-

able but their disadvantages are often compensated by the excellence and

security of pollution of the water yielded by them. Where the daily

demand is relatively small, or where the water must be secured from

underlying rock strata, the ordinary drilled well is satisfactory. However,

when larger yields are required and may be obtained from water bearing

sands or gravel, the larger gravel walled wells should be used.

Consideration should always be given to the possibility of securing a

gravity supply, even though it may require pipe lines of considerable length.

If the annual fixed charges on the gravity plant are less than the cost of

pumping from a nearby source, the gravity plant should be adopted.

Pumping Plants

The capacity of the plant should be in accordance with the following

table

:

Quantity per 24
Hours,

in GaUons.
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The static head should be obtained and the friction head determined in

accordance with well-known formulae or from the charts shown later, mak-

ing proiper allowance for the aging of the piping system.

Before selecting the type of equipment and kind of power tO' be used,

comparative estimates of annual operating costs, including interest on the

investment, depreciation, taxes and insurance, should be made and the most

economical plant determined.

Steam Plants

At points where it is necessary to maintain a steam plant for other

purposes, as at engine terminals, or where track pans are maintained in

cold climates, steam plants will usually prove most economical.

The E.HP. will be

Gallons per minute X (static head plus friction head in feet)

3960

The boiler selected should have the relation to E.HP. as shown by

the following table and should preferably carry not less than 100 lb.

steam pressure.

Oil Engine Plants

The medium pressure oil engine, or so-called Semi-Diesel type, has

now been brought to a state of perfection where it is generally the most

economical and practicable type of power unit for all ordinary railroad water

service installations.

By reason of simplicity of operation, small floor space required, con-

venience in storing and handling the fuel, usually lower cost of installation,

and low attendance cost, the oil engine has proven most desirable for all

intermittent power service.

The crude oil distillates of 26 degrees Baume and over are used to

advantage in the Semi-Diesel crude oil burning engine. To avoid trouble,

oil engines should not be operated in excess of their rated horse power.

A properly designed engine of the Semi-Diesel type should operate on 0.6

lb. of fuel per brake horse power hour with a consumption o^f not over

one gallon of cylinder oil per 400 rated HP.H. in the sizes of engines up

tO' 25 HP. and one gallon per 800 HP.H. in the larger sizes.

All gases from petroleum oils are highly explosive when mixed with

the atmosphere and are heavier than air. For this reason, great care should

be used to see that there are no^ depressions which may collect these vapors

and cause an explosion. Oil engine houses should be ventilated at the floor

line and wherever possible the floor should be above the ground.

Electric Plants

The use of automatic control for electrically operated pumps has re-

sulted in large saving in operating costs in many cases. If reliable electric

current is available and at a reasonable price, it is often the part of economy
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to replace steam pumping plants with electrically operated pumps automatic-

ally controlled, particularly where attendants may be released. Automatic

control is especially applicable when the pumping station is located at a

distance from the storage tank, terminal, or point where the water is used.

The automatic starter is easily and conveniently controlled from any remote

point by means of a pilot op actuating device. An experienced attendant

is not required for its operation and complete protection is afiForded the

motor in starting and stopping.

Remote control is usually by means of push button, pressure regulator

or float switch. Float switches are usually used in connection with auto-

matic starters on water tank service.

Direct CuRRENT.^When considering direct current motors and starters,

the mechanical structure of the pump must be taken into consideration. For

a reciprocating type of pump, a motor capable of considerable starting

torque must be used and a starter which will enable that motor to develop

the required starting torque. This calls for a compound wound motor,

which will have the advantage of the shunt field to stabilize the speed with

full load or no load. The starter should be of the time limit type in order

to be positive of a proper start, even though the friction of the pistons or

bearings is greater than usual.

If the pump is of the centrifugal type, which requires a very light

starting torque, a shunt motor can be used and either a time limit, current

or counter e.m.f. limit type of starter employed. The time limit or counter

e.m.f. is best for the smaller sizes up to 10 HP., while the current limit

type on the larger sizes seems advisable.

Alternating Current.—When considering alternating current similar

limitations must be kept in mind. With a reciprocating type of pump the

use of a slip ring motor with time limit secondary type of starter is advisable.

This may not be rigidly followed, but if any other type of motor is used

the question of starting torque must be very carefully considered.

If a squirrel cage motor is thrown directly across the line and has a high

resistance motor, it will develop more starting torque than when running,

but if the motor is of such a size that it may not be possible to throw it

across the line, it will be necessary to use either an auto transformer or

compensator type or a primary resistance type of starter.

When considering centrifugal pumps, a squirrel cage motor can be

used with auto transformer or compensator type of starters or with the

primary resistor type, because the starting torque of the pump is usually

well within the limits of the starting torque of the motor, with the reduced

voltage.

On any automatic starter with two wire control low voltage release is

provided. Overload protection can be supplied if desired.

The control equipment should be located within plain view from the

motor and as close to it as conditions will permit.

Deep Well Pumping Plants

Each type of deep well pumping equipment has its respective advan-

tages and disadvantages over other types. To insure reliability and greatest

over-all economy, individual conditions should be thoroughly considered

and analyzed.
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In general, the most common types of such pumping equipment are the

deep-well reciprocating pump, the deep-well centrifugal or turbine pump and

the air lift. The deep-well reciprocating pumps are made m (1) smgle-

plunger, single-acting type, (2) single-plunger, double-acting type, (3)

double-plunger, single-acting type, and (4) triple-plunger, smgle-actmg type

In considering the relative merits of the different methods of deep well

pumping, consideration should be given to the following features: character

of the water; capacity of source of water supply; pumpage required;

pumping head; first cost of complete installation of equipment; length of

useful life; reliabilitv; flexibility; efficiency, and cost of operation.

At locations where the water to be pumped from deep wells contains an

appreciable amount of sand or gritty materials, the air lift pump will gn-c

the best and the reciprocating pump the poorest service. The air lift

having no working parts is not affected to any large extent by such materials

in the water. The leathers and valves in reciprocating pumps quickly require

renewal under such conditions. The impellers and bearings of turbine

pumps are worn by the gritty material and replacements or repairs are

needed at intervals. The aerating effect obtained through use of the air

lift pump aids in removal of iron and other impurities in the natural water.

"Back-blowing" of wells with air to increase the flow and shut off the

sand is also readily accomplished with an air lift pump installation.

Where the yield of a well is relatively small and strata is moderately

deep, the reciprocating pump is most desirable. The turbine pump is

primarily a large capacity pump and is not suitable for low yields. If a

single well will not furnish the pumpage required, and if wells are widely

separated the air lift is conveniently used at each well by piping compressed

air from a central compressor station. For a given diameter well, the air

lift will produce the largest yield.

If the water strata is capable of delivering large volumes of water,

and the depth does not exceed 150 to 200 feet, the turbine pump will most

economically produce the largest volume of water. The reciprocating

pump will give satisfactory service at depths up to 300-400 feet, although

at these depths the weight of rods requires large power heads and the

delivery is limited to relatively small amounts. The air lift is limited as to

depth only by the limitations of compressor; by installing stage lifts or

auxiliary starting jets, the same compressor can be used for considerably

greater depths. The air lift, on account of submergence necessary, requires

a well hole of greater depth than the water-bearing formation, provided

yield is low. The air lift with no working parts can be installed in wells

which are considerably out of plumb and in which reciprocating or turbine

pumps would not give satisfactory service.

As to reliability and length of useful life, the type and fitness of the

pump for the service required are large determining factors. The air lift

pump with no working parts l^elow the ground is probably the most reliable,

although the compressor unit may give occasional trouble. The centrifugal

or turbine type pump has fewer working parts to get out of order than the

reciprocating pump. The high speed of turbine-pump shafting, however,
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demands careful alignment of shaft and attention to bearings. To insure

reliability the pump must be of proper type to fit the conditions, must be of

ample capacity, must be well designed and of stout construction.

The reciprocating pump is the most flexible over a medium range of

pumping yields with the least variation in pumping efficiency. The turbine

type is most suitable for conditions of head and yield. The air lift pump

is flexible over a great range of heads and yields although the efficiency

is altered considerably. For fire protection, the turbine-type pump is most

desirable as it furnishes a large quantity of water without pulsations. The

air lift p'Ump alone cannot be used successfully for fire protection.

The reciprocating pumps, being of positive action, will yield a higher

efficiency than turbine or air-lift pumps. On account of its low efficiency

the air-lift pump is seldom used except under specific conditions which

would make the other types of pumps unsuitable.

Under average conditions the maintenance costs of the air lift systems

will be the lowest and that of the reciprocating systems the highest. Attend-

ance costs are practically the same. Each of the three systems can be

operated automatically, if desired.

Power Pumps
Triplex single-acting or duplex double-acting pumps are generally

used when the suction lift permits. These pumps may be direct connected

to the engine or motor by a silent chain drive, or through gears, preferably

using rawhide pinions. Belt drives are generally used where the pumps
are placed at a different elevation or some distance away from the power

unit. A friction clutch should be used on oil engine drives, as the engine

cannot be readily started under the load imposed by this class of pump.

Where the suction lift is such that the pump is inaccessible for direct

or belt drive, a pitman or power head with extension rods must be used.

For smaller plants the single cylinder double-acting pump with pitman makes

a good unit, while for larger plants the two or three cylinder pump with

powerhead is preferable.

Centrifugal Pumps
The turbine pump is adapted and used for heads greater than 150 feet.

A head of 150 feet per stage is figured for most satisfactory results with

this type of pump, although it is possible to operate against heads as high

as 300 feet per stage by operating at a high rate of speed. This, however,

is not recommended as good practice.

The volute pump is a low head pump and is adapted to all classes of

pumping service for which centrifugal pumps are used. Where the total

head is not in excess of ISO feet it is quite as efficient as the turbine type

for low heads and has the advantage over the turbine type, that there are

no dififusion vanes tO' become clogged up or require renewal.

Single and Double Suction Pumps.—A further classification of cen-

trifugal pumps may be made by dividing them into single and double suc-

tion pumps, depending on whether the water enters the impeller from one

or both sides.
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Advantages of Centrifugal Pumps

1. Economy as to initial cost.

2. Low cost of maintenance.

3. The centrifugal pump runs with less noise than the usual pumping

equipment.

4. Centrifugal pumps may be operated successfully with inexperienced

labor,

5. Failure to open a valve or the sudden closure of valves on the

discharge will not afifect the pump.

6. Less floor space is required than for other types of pumps of

same capacity.

7. Are particularly adapted for handling muddy or sandy water

with the least injury to working parts.

8. Starting valves, relief valves and air chambers on discharge line or

vacuum chamber on suction line are unnecessary.

9. Can be used in series more satisfactorily than any other type of

pump.

10. Pump is non-pulsating and does not cause water hammer on line.

11. Is particularly adapted where motor is used as power and automatic

operation is desired.

Disadvantages of Centrifugal Pumps
1. The necessity for priming.

2. Will not operate if a slight amount of air leaks into the suction line.

3. Other types of pumps are capable of handling higher suction lifts

more successfully.

4. Will not operate efficiently where there is a large variation in the

pumping head.

Proper Size and Stage of Pump to Be Used

In order to determine the above, the following information must Ije

obtained

:

Gallons per minute required.

Static discharge head.

Suction head.
Length and diameter of suction line.

Length and diameter of discharge line.

Number of elbows and bends in both suction and discharge lines.

Nature of fluid to be pumped, whether clear or containing
much sediment and grit.

Class of power.

From the above can be determined the total net head under which the

poimp is to operate and this in turn will determine the size of pump and

the number of stages for the unit in question.

As a general rule, it is safe to say that with heads ranging from 10

feet to 150 feet we can select a single stage pump ; for heads ranging

from 150 feet to 300 feet a two-stage pump and for heads ranging from 300

feet up, three or more stages will be necessary, depending on the size and

speed of the pump.
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Power to be Used

The power to be used may be

:

1. Electric motor.
2. Internal combustion engine.

3. Steam turbine.

4. Steam engine.

An electric motor may be either direct connected to pump or belt

drive used. A centrifugal pump direct connected to an electric motor makes

an excellent pumping unit and will meet practically all pumping require-

ments owing to the fact that motors of practically any speed can be secured.

A flexible coupling should be used in direct connecting a centrifugal pump

to an electric motor. The belt drive is better suited to small centrifugal

pumps than to large units.

Centrifugal pumps may be operated by squirrel cage motors instead

of slip ring motors as the starting torque is not great.

Internal Combustion Engines direct connected or with belt drive are

particularly adapted to operating centrifugal pumps, especially for railway

water service. Considering power costs alone, this is undoubtedly the most

economical power that can be used.

The Steam Turbine has proven a satisfactory method of operating

centrifugal pumps in some cases but there are but few points where it

can be used in railway water service.

The use of the Steam Turbine for driving centrifugal pumps in rail-

way water service is limited.

Efficient Methods of Installation

To obtain efficient operation a special study must be made of each

particular installation. Conditions under which pumping units operate vary

to a considerable extent and no set rules may be laid down to fit all

conditions.

A certified characteristic curve of the pump at the speed recommended

by the manufacturers should be furnished and studied carefully, special at-

tention being given the following points

;

1. The unloading or non-over load feature in which the power
is not increased materially should the head be reduced.

2. The efficiency at various heads.

The horizontal, split casing type with enclosed impeller is recommended

where conditions are adapted to its use as it presents the most accessible

form oi construction for inspection and repairs.

The bearings should be of the ring oiling or ball bearing type with drip

pockets connected to a drain to carry away the slight leakage that should be

permitted through the stuffing boxes and glands.

A flexible coupling should be used on all direct connected units to con-

nect the pump with the prime mover, as this type of coupling allows for

slight inaccuracies in the alinement of the shafts and insures cool bearings.

A check and gate valve should be placed on the discharge line near

the pump.

The pump should be placed as near to the source of supply as possible,

especially when operating with a suction lift.
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In order to keep the suction line full of water, a foot valve or check

valve should always be installed on the end of the suction line.

Hydraulic Rams

Unless the source under consideration will afford a sufficient quantity

of water at all seasons of the year to meet the requirements at the par-

ticular station, and also furnish the waste water required for the operation

of the ram, and unless a suitable difference in elevation exists in the source

of supply, or can be created at a reasonable expense, hydraulic rams cannot

be used.

The quantity of water that must be supplied to a hydraulic ram to pump
a given amount of water will vary with the ratio of the supply head to the

pumping head. The following cliart. Fig. 2, has been prepared to show

these quantities for various deliveries expressed in gallons per minute and
hd

for various values of the ratio ——, where hd equals the delivery head above
H

the waste valve of the ram and the H the supply head above the same level.

(Note,—For chart, see page 403, Vol. 26, Proceedings.)

Hydraulic rams are made in commercial sizes requiring from 5 to

700 gallons of water per minute for their operation.

Probably the most important features in the installation of a ram
are the size and length of the drive pipe or supply line. For efficient

operation the waste valve is adjusted so that the maximum velocity in

the drive is approximately 0.4 Vh d. The average velocity in the drive pipe

is, therefore, approximately 0.2 y/hd and the pipe size should be such as to

produce this average velocity. Bends, changes in section or size and other

obstructions should be avoided as far as possible and where bends are neces-

sary it will be found more satisfactory to make a long easy bend in the

pipe line than to use standard short radius fittings. If strainers are used

at the inlet, they should be of sufficient size and length to reduce the loss

of head at entrance as much as possible.

If too long a drive pipe is installed, tlie required velocity in the pipe

will not be created as quickly and the efficiency of the machine will be

lowered. On the other hand, if the drive pipe is too short, a certain amount

of the kinetic energy created will be lost by kicking out the upper end and

the amount of water pumped will be lessened correspondingly. The follow-

ed L
ing chart. Fig. 3, showing the relation between the factors and

H hd
has been prepared from empirical data. It is believed that the drive pipe

length as determined by the chart will produce efficient operation of the

ram. It should in no case be less than 30 feet nor more than 250 feet.

Where rams are installed in batteries, separate drive pipes should be laid

at each ram. It will usually be found expedient to place a quick opening

gate valve in the drive pipe close to the ram.

(Note.—For chart, sec page 405, Vol. 26, Proceedings.)



222 Water Service

The ram itself should preferably be set in a pit at the proper drive pipe

distance from the source of supply, with suitable provisions for draining

the pipe of the waste water. In the event conditions are such as to prevent

constructing the pit at the drive pipe distance from the source, it may be

placed at some other convenient point further away, provided a stand pipe

or small auxiliary reservoir is constructed in the pipe line at the critical

distance from the ram. In the latter case, the size of the pipe from the

source to the standpipe should be increased one or two sizes and the stand-

pipe should be of such height as to extend above the level of the water at

the source of supply and be provided with a suitable air vent at its top.

The ram pit or houses should be of such sizes as to afford easy access

to all parts of the ram for repairs and in cold climates should be so con-

structed as to give ample protection against freezing.

As the ram will operate continuously, suitable overflow provisions must

be made at the roadside storage tank.

Relative Economy of Different Types of Plants

Fuel oil is usually the cheapest power method for pumping water

;

electricity with automatic control the next cheapest, and steam and elec-

tricity with pumpers in attendance the most expensive.

The economy in the lower cost of fuel oil may be offset in some

instances by decreased cost of attendance where it is practicable to decrease

the number of pumpers by installing automatically operated electric pump.

Where water of suitable quality and in sufficient quantity can be pur-

chased at reasonable cost, a comparative estimate of the cost of pumping

water using oil, steam or electric pumping plants should be made to deter-

mine the most economical source. This estimate should include interest on

the investment, depreciation charges, taxes and insurance, as well as all

direct charges for operation and maintenance. The supply should be pur-

chased whenever it can be secured at a cost as low as that of pumping,

using the most economical type of plant.

Pipe Lines

Intake Lines.—Intake lines operate under a low head and their cross-

sectional area should be sufficient tO' convey the required quantity of water

at a velocity not exceeding two feet per second. In placing intake lines in

rivers, it is advisable to turn the pipe slightly down stream or to place a

bend on the river end to decrease the likelihood of floating debris lodging in

the pipe. Where screens are used in intakes, they should be placed in

such a, way as to be accessible for cleaning under high or low water

conditions.

The intake line should preferably be laid to a true and uniform grade,

as sags or traps in the line may collect deposits of sand or sediment and

decrease the working area of the line. While almost any kind of pipe may
be used for intake lines, cast iron bell and spigot pipe is generally to be

preferred; but in yielding ground, or where the intake lines are subject to

blows from drifting ice or debris, wrought iron pipe with screwed or flanged
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joints is more reliable. Where it is necessary to install long intakes fol-

lowing the contour of the stream or lake bed, flexible joints should be used

at suitable intervals.

If the source of supply is in navigable water in the United States, the

approval of the United States Army Engineer in charge of the district where

the work is located should be obtained. In cases of this kind, luiusual care

should be exercised in locating and constructing the line so that it may

resist wave action and not be damaged by passing boats. A suitable crib

should be constructed at the intake end.

Intake lines constructed of sound materials and in accordance with good

design require little maintenance, except where it is necessary to clean sand,

ice, or debris from them. When this is necessary, the conditions requiring

attention should be as accessible and as easily handled as possible.

Suction' Lines.—The suction line may enter the source of supply direct

or it may obtain water from an intake well. For reservoirs, lake or rivers,

where there is little wave action and a small amount of floating debris,

it is satisfactory to have the suction line enter the supply direct, but in

bodies having severe wave action, considerable amounts of floating debris,

or where ice accumulates, the intake well is recommended.

Suction lines should be as short as possible and of such size or cross-

sectional area that the sum of the pipe line friction and static suction lift

may be within the suction limits of the pump, and preferably not more

than 15 feet.

In centrifugal pump installations it is necessary to install either a foot

valve or a check valve on the bottom end of the suction line but, with

reciprocating pumps, these valves are not usually necessary, unless the

suction lift is excessive. Where such valves are installed, arrangements

should be made for removing the debris which will usually accumulate in

them.

Genuine wrought iron pipe with screwed joints is preferred for suction

lines. Special care should be taken to make all joints absolutely tight and

the suction line should be laid with a slight grade toward the source of

supply.

Discharge Lines.—The discharge line should be laid on as straight a

line and as easy a grade as cost will permit, eliminating all possible bends

and fittings. Wherever possible 22J.4 degree bends should be used in place

of 45 degree, and 45 degree bends used in place of 90 degree. The pipe line

should preferably be laid as far away from present or possible future tracks

as conditions permit.

A swing check valve and gate valve should be installed next to the pump
and another gate valve placed near the roadside tank of discharge end of the

pipe. If the pipe line is laid in hilly or rolling country, air valves to relieve

air-binding should be installed at the summits, and blow-off valves to dis-

charge sediment located in the valleys. These valves should be inspected,

maintained and operated on a regular schedule and not neglected.

The economical size of the discharge line will be such that the interest
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on the first cost, plus depreciation, and plus the cost of pumping against

the friction head will be a minimum. The cost of pumping against the

friction head should be determined upon the basis of the water horsepower

hours required per year to overcome the friction loss and the approximate

cost of pumping estimated per water horsepower hour.

The discharge line should preferably be constructed of bell and spigot

cast iron pipe, although under certain favorable conditions, other materials

may prove as satisfactory and more economical. The use of lead for joints

is preferred, although, under certain conditions, other materials may be used

to advantage.

The cast iron pipe and fittings should conform to specifications: (Pages

51 to 62, inclusive.)

Gravity Lines.—^Where favorable conditions exist, it is often desirable

and economical to secure a satisfactory water supply by gravity from an

impounding reservoir or other source at a sufficient elevation above the

point of use. In all such cases care must be exercised in locating and laying

the pipe line so that if possible no portion of it lies above the hydraulic

gradient, but in case this cannot be done, special provision must be made

to take care of this particular case.

FRICTION LOSSES IN CAST IRON PIPE AND FITTINGS

(Note.—For charts, see inserts opposite page 236, Vol. 27, Proceedings.)

PUMP HOUSES

The water supply of a railroad is of such an important facility that

it is usually desirable to house the mechanical equipment required for this

service in substantial buildings, generally of fireproof construction.

The size of the building will depend upon the nature of the equipment

to be used. The foundations should be of concrete extending to a point

at least six inches above the floor line, and a concrete floor provided with a

suitable drain. For the larger and more important plants, the walls should

be of brick with sufficient windows to afford adequate lighting of the interior.

Smaller and less important plants may be of frame construction. In cold

climates, the interior of all pump houses should be ceiled or other insulating

material used to prevent freezing and possible damage to the equipment

and, where conditions permit, heating facilities should also be provided.

Suitable ventilators should be installed.

In southern climates, where protection against freezing is not a factor,

frame buildings covered with galvanized iron will usually suffice for the

small and less important plants.

All buildings housing deep well pumps should have a derrick frame

extending from 20 to 35 feet above the roof of the building and over the

well. This frame should rest directly on the building foundations.
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Appendix B

(2) REGULATIONS OF FEDERAL AND STATE AUTHORI-
TIES PERTAINING TO DRINKING WATER SUPPLIES
AND SANITARY EXAMINATION OF DRINKING WATER
SUPPLIES

S. C. Beach, Chairman, Sub-Committee ; H. W. VanHovenberg, C. P.

Hoover, A. B. Pierce, O. T. Rees, C. M. Bardwell, D. A. Steel, S. C.

Johnson.

State health departments have been requesting of the railroads that

stations classed as "emergency" drinking water stations be equipped with

all apparatus used at regular drinking water stations, namely, the filling

bucket with angled snout and completely decked over, one hundred feet of

hose to be used to fill tanks with drinking water in case standard filling

buckets were not available, dust-proof repositories for storage of buckets or

filling hose when not in use for emergency filling purposes, protected taps

or anti-freeze hydrants and other devices which would be available in a

regular drinking water filling station. It is also requested that such stations

be cared for by the water department employes because of the constant use

given such apparatus.

To do this would involve an unjustifiable expenditure. The term "emer-

gency" used in connection with these occasional filling stations signifies the

type of service and apparatus to be found in such stations and the railroads

should not be asked to install complete filling outfits, which are not only

an expense but have become lost and require frequent replacement. To
maintain the water used at such stations in conformity to the government

standard of quality and to exert reasonable precautions to adapt the emerg-

ency apparatus for use for filling the coach drinking tanks is considered

adequate.

Your Committee again calls attention to the Drinking Water Standards

adopted by the U. S. Public Health Service in May, 1925, for the govern-

ment of water supplies furnished by common carriers for the use of passen-

gers in interstate traffic. These standards were prepared and adopted with-

out consultation with or representation from your Association.

Your Committee feels it important that the Association be advised of

exceptions which it has taken to certain of these standards.

Among the requirements established by these standards for the physical

and chemical characteristics of acceptable water supplies are the following:

"The water should contain no caustic alkalinity."

"The carbonates of sodium and potassium taken together—should not

exceed .50 ppm."

"Total solids should not exceed 1000 ppm."

"Chloride should not exceed 250 ppm."

"Iron should not exceed .3 ppm."

"Sulphate should not exceed 250 ppm."

"Magnesium should not exceed 100 ppm."
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Your Committee contends that it is neither practical at all times for

the railroad nor essential to public health to confine such water within the

limits prescribed. It is frequently impracticable for railroads to provide

drinking water meeting' the above requirements except at unreasonable ex-

pense. Moreover it has not been definitely established in general that waters

carrying solids in excess of the prescribed limit and particularly that waters

having caustic alkalinity present are deleterious to health, except where

there is reason to believe that they indicate contamination. On the contrary,

it is known that many drinking supplies, municipal as well as railroad, carry

solids in solution greatly in excess of the prescribed amounts without any

established ill effects upon health of persons using them.

Until such time as it shall have been definitely determined by adequate

research what these limits must be to safeguard public health, it is recom-

mended by your Committee that these standards be applied with a liberal

interpretation arrived at after a reasonable consideration of the local condi-

tions and available supplies.

It is of interest to note that the Joint Committee on the handling of

Drinking Water and composed of members from the Mechanical Division;

the Medical and Surgical Section and our own Engineering Division has

been recalled to activity and it is hoped that it will be made a permanent

committee, the importance of the subjects handled, the constant advances

being made and the interest manifested by the members of this Committee

being additional reasons for permanency.

Appendix C

(3) PITTING AND CORROSION OF BOILER TUBES AND
SHEETS, TAKING INTO CONSIDERATION CHARACTER
OF METAL USED, METHOD OF MANUFACTURE, CON-
STRUCTION OF BOILERS AND QUALITY OF WATER

W. M. Barr, Chairman, Sub-Committee; R. E. Coughlan, C. M. Bardwell,

O. W. Carrick, B. W. DeG«er, S. C. Johnson, E. M. Grime, C. H.

KoyI, P. M. LaBach, T. D. Sedwick, O. T. Rees, J. P. Hanley, C. P.

VanGundy, J. H. Davidson.

This is a progress report to the effect that the work of accumulating

extensive data on the subject is necessarily slow. I recently sent out a

questionnaire to various members of the Sub-Committee requesting informa-

tion on the subjects which had been assigned to them for the current year's

work.

I have had several replies, but do not feel that the data so far assembled
warrant making any more detailed report at this time.

When all the answers to the questionnaire are in, I will ask the various

members of the Sub-Committee to continue their work on the subjects

assigned, both in the form of laboratory test and road tests wherever both
of these methods are practicable.
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Mention might be made in passing of a successful test made with an

open feed water heater on a locomotive. This engine was run for 18 months

on treated water and showed no corrosion or pitting at the end of tliat time.

The companion engine not so equipped was badly pitted. No positive state-

ment can be made, or conclusions drawn, from this single experiment.

Further tests now in progress should give us more definite information.

Mention might also be made of the importance of storing boiler tubes

and other boiler material so that they are not rusted before they are put

into service. Two of the members of the Sub-Committee have brought out

very clearly the fact that the rust spots due to atmospheric corrosion are

the points of attack for pitting after the material goes into boiler.

Several laboratory and road tests are now in progress which I hope

will throw considerable light on our subject. I deem it advisable, however,

to withhold details comment on these tests until we have sufficient experi-

mental evidence to warrant making some practical recommendations.

Appendix D

(4) COST OF IMPURITIES IN LOCOMOTIVE WATER
SUPPLY AND THE VALUE OF WATER TREATMENT

C. H. Koyl, Chairman, Sub-Committee; R. C. Bardwell, C. M. Bardwell,

W. M. Barr, O. W. Carrick, R. W. Chorley, R. E. Coughlan, J. H.

Davidson, B. W. DeGeer, C. H. Fox, E. M. Grime, J. P. Hanley,

C. P. Hoover, P. M. LaBach, O. T. Rees, H. H. Richardson, D. A.

Steel, C. P. VanGundy.

In successive reports commencing in 1922 tliis Sub-Committee has

presented evidence to show that

:

(1) Between locomotives running in districts with naturally good

boiler water and locomotives running in districts with excessively bad

water there is a difference in cost of boiler repairs and fuel of about $4,000

per engine per year and an additional difference in general operating costs

of approximately $4,000 per engine per year

;

(2) By the use of water-softening methods now available to anyone

some of these very bad water districts have had their boiler repair and

fuel cost reduced $4,000 per engine per year and their operating cost reduced

in like amount; while districts with water less bad have liad their costs

reduced in proportion and at the rate of $1,000 per engine per year in

repairs and fuel for each ten-grains-per-gallon of hardness in the water,

and an equal amount in general operating expenses.

These reductions in cost liave been due principally to the reduction in

scale and leaking, and the logical conclusions from the above are two: (1)

tliat artificially softened water is on the average as good as natural soft

water, and (2) that very few natural waters are so good as not to be made
better by treatment. Only mountain water, a few deep well waters in the

South, and water from the granite hills of New England are better than
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the average treated water, and only treated water carrying heavy charges

of sodium sulphate or chloride is less good than average natural soft water.

Nearly all river and well waters of the level country require treat-

ment to remove either hardness or mud or both, and vdth approximately

16,000 railroad water stations and something like 350 billion gallons of

water used annually by railroads for locomotive purposes, of which about

80 per cent would be improved by treatment and only 15 per cent is treated,

the most valuable contribution that can be made by this Committee or this

Association to the water service of the railroads of the country is to make
everyone acquainted with the fact so that an annual and unnecessary expense

of something like $100,000,000 may be eliminated.

The Zeolite Method

Last year we discussed the various methods for water softening in

use on railroads, and mentioned the Zeolite method as suitable for certain

kinds of water and as being tested by the Southern Pacific Railroad at

Los Angeles, California. We are now advised by Mr. Dennistoun Wood,

Engineer of Tests, that this railroad has found the Zeolite method satis-

factory to them for stationary boilers and locomotives, that Zeolite soften-

ers have been installed at Calexico, El Centro, San Luis Obispo, Porta

Costa and Fresno, with five similar plants under construction at other

points and the report says "With the plants already installed we are experi-

encing practically no trouble from foaming."

The report includes a sheet of analyses of Zeolite-softened water used

in a yard engine at Los Angeles General Shops, the boiler of the engine

having been thoroughly cleaned and free of scale before test was started.

From this table it appears that the engine was small and received 7,000

gallons of water per day ; that the first blowing-off occurred when 49,000

gallons of water had been used, and thereafter daily so as to maintain in

the water oi the boiler a concentration of total dissolved solids of approxi-

mately 200 grains per gallon, nearly all of which was alkali salts.

The report states that careful watch is being kept for signs of "caustic

embrittlement," but that none have been found so far.

Your Committee is following the tests with much interest and hopes

to be able tO' report next year the result of using Zeolite-treated-water-only

on the road engines running between Los Angeles and San Francisco.

Carbonate and Sulphate Scales

We were requested to report this year on the relative insulating quali-

ties of carbonate and sulphate scales ; but the matter is difficult of experi-

mental determination in locomotives because they seldom take one kind oi

water only, and the best laboratory measurements of which we have knowl-

edge are those made by Professor Schmidt at the University of Illinois,

as follows

:
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Appendix E

(5) HEATING WATER STATION BUILDINGS AND FROST
PROTECTION FOR WATER FACILITIES—COLLABO-
RATING WITH COMMITTEE VI—BUILDINGS

J. P. Hanley, Chairman, Sub-Committee; E. A. Dougherty, E. M. Grime,

J. R. Hickox, E. A. Willahan, F. D. Yeaton.

General

Frost protection for water service facilities is based on three general

conditions: (a) Drainage of the water carrying portion oi the facilities,

(b) Housing and Insulation and (c) Heating. The heating method is gen-

erally used whether the other methods are used or not, as it adds to the

comfort of the men employed at the plant, and eliminates possible freezing

troubles which the other methods alone may not prevent.

After ages of use of the open fire by our ancestors the stove was

finally invented in 1680 by M. Delseme of France. Steam was used for

heating in 1784 by James Watt. The manufacture of radiators was started

in 1860 and soon after the air relief valve was invented by James Marsh

of the United States, after which the rapid advancement of the present

highly developed heating industry commenced.

Stove Heating

The heating apparatus at present used in water station buildings has

not generally advanced much beyond the stove era, as most railroads still

consider the stove sufficient for this class of buildings. Where steam gen-

erated outside the building is not available we believe the stove may continue

to be used in water station buildings if it is used in connection with proper

drainage of the water carrying facilities.

The stove so used should have sufficient fire box capacity to carry a

banked fire during such periods as the attendant is not on duty. It should

have suitable protection underneath it to protect the floor of the building,

and should be provided with a heavy wire screen to suspend over the fire

door opening to prevent the emission of sparks at such times as the door

is left open on account of a banked fire, or for heat regulation.

Furnace Heating

The hot air furnace follows the stove in cheapness of installation. Small

furnaces are now being placed on the market at reasonable prices and in

attractive designs, and are an advancement over the stove for heating water

station buildings. These furnaces are built with or without air ducts,

depending on the size of the building to be heated. They provide a better

circulation of warmer and purer air to all parts of the building, present a

more attractive appearance, usually permit of longer periods between firing,

and are more economical in operation than stoves.

Hot air furnaces have the advantage over steam and hot water heating

to the extent that they are not damaged by freezing in case the fire is

not given the required attention, and if they have ample fire box capacity they
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Furnace Heating

Photograph showing hot air furnace in Illinois Central System, pump house

at Fort Dodge, Iowa. This type of furnace does not require air ducts.

Steam and Hot Water Heating

Photograph illustrating hot water heater in the water treating plant of the

Illinois Central System at Dunlap, Iowa.
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are capable of maintaining a banked fire with corresponding heat for as

long a period as a steam or hot water heating* plant, without unusual firing

attention.

Steam and Hot Water Heating

Steam heat may be used to good advantage where the building to be

heated is located in the vicinity of mechanical or central power house

facilities ; and when used it should be installed in accordance with approved

steam heating practice, including suitable traps and return lines.

At isolated water stations and treating plants oi the larger size it is

usually necessary to install a rather extensive heating plant, and where

there is sufficient continuity of attendance to handle the firing at proper

intervals a hot water heating plant is usually preferable, as it is not necessary

to depress the boiler below the floor level, which makes for cheaper instal-

lation and, on account of the slow cooling of the hot water longer periods

between firings and less acute variations in room temperatures are obtained

than with hot air or steam heat. However, this selection is largely a mat-

ter of individual choice as some roads report the use of steam and hot air

heating for isolated buildings.

Electric Heating

The Illinois Central reports the use of electric heaters of the resistance

type in heating water service facilities. The use of the heaters by this road

consists of six 500 watt heaters, having the control switch located in a

station office adjacent. These heaters use current at intermittent periods

for about two months each winter as required. The facilities heated consist

of four concrete water column pits, one concrete meter pit and one tank

frost box, all of which are unusually susceptible to freezing as they are in

exposed positions and used to a limited extent. With average use similar

facilities on this road are not heated, and we do not recommend this method

for general use on account of its relatively high operating cost.

Oil Heating

The Chicago, Burlington & Quincy reports the use of heating plants

fired by oil, and the use of oil stoves at several water stations. The use

of oil instead of coal at these locations removes the expense of calling

men at night to keep the fires in proper condition. The cost of the burner,

piping and 1,000-gallon capacity oil tank, which is suitable for the average

water station heating unit is approximately $180.00'. The cost of the

burner alone is $20.00 to $30.00, and it may be installed in the ordinary coal

burning heaters.

Housing and Insulation

Water station buildings in cold climates should be well constructed of

sound materials. The frost resisting qualities of the materials should be

considered as well as their strength and durability. Unfortunately some of

the strongest and most durable building materials are poor frost resisters,

and in cases where the use of such materials are necessary frost proofing
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should be arranged for in addition, preferably by lining the inside of the

building with hollow tile, lumber or other materials in sufficient courses

to give the reciuired degree of frost resistance.

The roofs of the buildings should be constructed with multiple courses

of sheathing, and storm doors and shutters should be provided. Floors should

be constructed so that cold air will not come in contact with them underneath.

Heating plants, whetlier stoves or more modern devices, should be of ample

capacity and maintained strictly in accordance with good mechanical and

Housing and Insulation

Photograph showing Illinois Central System pump house at Fort Dodge,
Iowa, which is heated with a hot air furnace. The photograph illus-

trates the application of shutters and storm doors for frost protection

and prevention of possible breakage to sash which might occur when the

pumper is not present. The pumps in the house are electrically operated

and handled by remote control from a treating plant one-half mile away.

fire prevention practice. Fuel storage should be conveniently located and

the ash removed from the plant should be deposited at a safe distance from

the buildings.

Suitable ventilation should also be provided, especially in plants where
oil or gasoline is used for fuel or power. The gases in such cases have a

tendency to settle downward and to remain in pump pits and floor depressions

and the ventilation should be designed to correct this condition, while at the

same time conserving as much heat in the building as possible.
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Attention is called to Bulletin No. 102, dated November, 1917, issued by

the Engineering Experiment Station of the University of Illinois, entitled

"A Study oi the Heat Transmission of Building Materials," by A. C.

Willard, Professor of Heating and Ventilation, and L. C. Lichty, Research

Fellow, Engineering Experiment Station, which contains interesting test

data and heat transmission tables on many standard building materials.

This information could be used tO' good advantage when the frost proofing of

water station buildings is being considered. Since the bulletin was published

several good frost proofing materials, some of which are covered by patents,

have been placed on the market and are now being used to a considerable

extent in domestic building construction.

Tank Frost Boxes

The proper construction of tank frost boxes is an essential item in

water station maintenance and operation. When the water in the pipes

enclosed by the frost box flows infrequently good insulation is required to

prevent freezing. Frost boxes are generally constructed by building a tight

wooden box with multiple courses of lumber having air spaces between

courses and resting on a masonry foundation. H the foundation is extended

below the frost line the benefit of a small amount of heat radiation given

off by the earth below this line will be obtained.

Some roads maintain heating plants for tank frost boxes where the tem-

perature conditions are too severe toi be handled by frost proofing alone, but

unless the conditions are very severe, proper housing, the earth radiation

mentioned and possibly the use of hair felt pipe covering or other suitable

insulation on the pipes in the box will give sufficient protection. Where this

frost proofing is not sufficient and where it is not desired to install a heat-

ing plant, arrangements should be made for draining the riser pipes in the

box after each pumping period, or when otherwise necessary. Many water

tanks have been burned as a result of attempting to' thaw frozen pipes in

the frost box with open fires. For this reason these pipes should be thawed,

preferably by steam or hot water supplied, if necessary, by passing locomo-

tives which may be stopped at the tank long enough to furnish this service.

Ice Prevention in Water Tanks

The accumulation of ice in water tanks occurs in varying degrees and

should be provided for accordingly. It may be ignored or tolerated where

it occurs in moderate amounts, but where it interferes with operation it

should be overcome by housing or heating. In locations where no doubt

exists as to the temperature conditions that will prevail heating plants for

tanks are sometimes constructed. A. common type of such plant is one hav-

ing heating coils and smoke pipe passing through the water in the tank.

Where it is not desired to install a heating plant considerable diminution in

ice deposits may be effected by suitable housing and insulation. In wooden

tanks multiple courses of roof sheathing and the correct fitting of the roof

around the top of the tank perimeter will decrease the formation of ice at

the top. If the bottom of the tank requires protection a housing should be
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built from the ground to the tank bottom. This will protect the bottom of

the tank, and while the ice deposits may continue to increase in thickness

around the inside of the staves, this condition will not usually prevent tank

operation.

Many railroads using- wooden tanks in cold sections located the outlet

valve and inlet pipe near the center of the tank and enclose the tank bottom

at this point on the under side by the top section of the frost box, which

is made of ample size for this purpose. This location is safer from ice

encroachment from the sides, and the protection afforded by the frost box

underneath prevents, or materially decreases, the thickness of the ice de-

posits on the tank floor, with corresponding improvement in tank valve and

inlet pipe operation.

Where excessive ice deposits may occur in tanks, inspections should be

made at suitable intervals and arrangements made to prevent the ice in-

creasing to such an extent as would damage the tank valves. Where the

tank is used to supply sprinklers or other fire protection facilities the cir-

culation of water in it will be limited and a heating plant no doubt required

and the design for such heating and frost protection should be given very

careful attention and should comply with the underwriters' requirements for

the climatic and operating conditions involved.

Heating Water Tanks

The heating of tanks by direct contact of the water in the tank and

the heating medium is the method generally used. This method sometimes

results in over-heating, and we believe there are many instances in moder-

ately cold sections where sufficient frost protection could be obtained by

housing the tank or such parts of it as require housing and heating the

interior of the housing to a safe temperature.

This method would be adaptable to steel tanks, having a water drum, by

enclosing the drum w'ith a housing and using sufficient heat to raise the

temperature of the enclosed space around the drum. The water on the

interior would thus be heated indirectly and would ascend and maintain a

circulation of all the water in the tank. The Chicago, Burlington & Quincy

reports a tank heating installation in the northwest where all the water in

the tank is heated by a small boiler on the outside of the tank. The water

from the tank enters the bottom of the boiler and passes into the tank

again from the top of the boiler after being heated sufficiently to ascend

and maintain a circulation in the tank.

Water Column Pits

W'here these pits are constructed of concrete, or other materials that

are not good frost resisters, the use of some frost proofing methods, in

addition to the usual construction, would, in many instances, benefit the

operation of the water columns.

The Illinois Central operating in northwestern Iowa covers the outside,

top and sides of the pit with one course of ship-lap lumber carried to a

point in the ground slightly below the frost line, and uses two courses of
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Partial Housing of Steel Water Tank

Photograph showing partial housing of steel tank of Illinois Central System

at Storm Lake, Iowa. This housing has prevented trouble from

accumulation of ice that occurred in the drum previous to the construc-

tion of the housing. The housing is not heated.
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D & M lumber with an air space between courses on the inner walls and

ceiling- of the pit. Both inside and outside sheathing have hatch covers

made of similar lumber to protect the opening in the concrete top. The

use of this frost proofing at the locations mentioned stopped the penetration

of white frost that was previously noticeable on the inside of the concrete

walls and improved the operation of the water columns by eliminating

small freezing troubles in drain ports and valves. Cold air will enter water

column pits through the ordinary type of open and tile drainage, where it

will become warm enough to ascend and escape through the opening around

the column, being then replaced by cold air through the drain. This air

change may be prevented by a water seal made of an ordinary pipe elbow

installed in the pit end of the drain and turned down into a small pump

in the pit floor.

If the water column pits are extended below the frost line the benefit

of a small amount of heat radiation given off by the earth at this point

will be obtained. If this heat is conserved by good insulation, and the

exclusion of cold air, it will be of decided benefit in the operation of the

water columns. Where these methods are inadequate sufficient heat in

addition should be provided by the most suitable methods.

Drainage of Water Carrying Facilities

Many water station facilities, even when provided with heat during

the actual service periods of the day, depend on drainage during other

periods to prevent possible freezing. In installations having adequate heating

facilities with sufficient continuity of attention to provide heat during all

periods the possibility still exists that tlie heating plant may be temporarily

disabled, and it is therefore advisable that all water carrying facilities in

freezing latitudes be provided with carefully arranged drainage openings.

Water and steam lines in pump houses should be laid on true grades

to avoid water pockets. Where, for some reason, it is not desired to

eliminate sags additional drain openings should be provided.

Suction and discharge lines leading from pump houses and frost boxes

should have drains located below the frost line with the outlet end of such

drains wasting into a frost proof location, or one having quick run-off

possibilities to prevent ice accumulations obstructing the outlet. Pump
cylinders, pump and boiler piping should be provided with drain openings

properly located. The pumpers should have explicit instructions to drain

all water carrying facilities whenever there is any possibility of freezing

weather and to personally know that the drains are, at all times, unob-

structed and in condition to function properly when the drain valves are

operated.

Cost Estimates of Various Heating Systems

It is impracticable to give cost estimates which would cover all local

conditions of heating, but in order to give an approximate comparison the

estimates of the Illinois Central for the year 1926 are given as follows,

covering the heating of one of their frame treating plant buildings with
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hot water, steam, and hot air heat, and one of their brick pump houses with

stove and hot air heat.

The portion of the treating plant heated consists of an equipment room,

size 19 feet by 17 feet by 14 feet, and a head house above the settling tank,

size 10 feet by 10 feet by 10 feet. The pump house consists of a single

room having a cubical contents of approximately 8,500 cubic feet. The

heating plants have sufficient capacity to give a room temperature of plus

70 degrees Fahr. for an outside temperature of minus 20 degrees Fahr. for

the buildings mentioned

—

Hot Water System in Treating Plant

348 square feet steam radiation with boiler and smoke connection

to chimney, at $2.25 $ 783.00

Steam System in Treating Plant
257 square feet steam radiation with boiler and smoke connection tO'

chimney at $2.25 578.25

Condensation pump in concrete pit 500.00

$1,078.25

Hot Air System in Treating Plant

Hot air furnace, 12,000 cubic feet capacity $ 275.00

Smoke connection to chimnev 25.00

48 ft._ 12 in. sheet iron duct.'. 150.00

2 14 in. by 16 in. registers 10.00

$ 460.00

Stove Heat in Pump House

Stove with jack and smoke pipe $ 90.00

Hot Air Heat in Pump House

Hot air room heater with jack and smoke pipe $ 150.00

Conclusions

1. Frost protection may be affected by drainage, housing and heating,

and each method should be used separately or in such combinations as local

conditions require, after comparative estimates have been made to establish

the most economical and suitable arrangement. These estimates should

include interest and depreciation on the first cost as well as maintenance and

operating expense for each arrangement considered.

2. Stoves and hot air furnaces may be used for heating water station

buildings where steam generated outside the building is not available. The

furnace is an advancement over the stove that should be considered when

such buildings are constructed in the future.

3. Steam heat may be used to good advantage in the vicinity of power

plants, but hot water heat is generally preferable at isolated locations. Suffi-

cient continuity of attendance should be provided at the latter points to

keep the fire in proper condition.
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4. Electric heating is generally too* expensive in current consumption

to be considered, except in special cases.

5. Housing should be well constructed and frost proofing provided to

such extent as justified by the estimates recommended in conclusion No. 1.

6. The use of indirect heating to prevent ice accumulation in water

tanks instead of direct heating by coils immersed in the water or steam

injected into same should be considered.

7. The use of frost proofing materials and the installation of sealed

drainage in water column pits to prevent the inflow of cold air through

the drains would, in many cases, benefit the operation of the water columns.

8. The use of oil instead of coal for heating plant fuel should be

considered in sections where coal cost is high or where continuity of atten-

tion cannot be conveniently provided for coal firing.

9. Adequate drainage arrangements should be provided in all freezing

latitudes.

Appendix F

(6) NECESSITY FOR PROVIDING DUPLICATE OR STAND-
BY PUMPING UNITS

F. J. Walter, Chairman, Sub-Committee; R. C. Bardwell, J. M. Fitzgerald,

A. B. Pierce, H. H. Richardson, H. E. Silcox.

In order to develop the present practice on American railroads as

regards the installation of duplicate or standby pumping units in water

stations, a questionnaire was prepared and sent to all members of your

Water Service Committee. The replies received indicated a close agreement

of practice and opinion as to the necessity of such units.

Your Committee is of the opinion that a distinction should be drawn

between duplicate units and standby units, and in this report, duplicate units

refer to equipment of the same type and capacity driven by the same source

of power, either one of which can furnish the daily requirements at the

particular station; whereas standby units refer to pumping equipment of

a different type or capacity than the principal unit, which may or may not

be driven by the same source of power. Auxiliary connections with muni-

cipal or private water companies are considered as constituting a standby

service rather than a duplicate or standby pumping unit.

Terminal and Important Main Line Stations

The ratio of tank storage to the daily consumption at the larger ter-

minals usually ranges from 20 per cent to 50 i>cr cent, although in some

instances storage capacities from 75 per cent to 100 per cent have been

provided. With the lower ratios of tank storage to daily demand, any

interruption in the water supply is very apt to seriously interfere with

the prompt dispatching of trains from the terminals. At such terminals,

all pumping equipment should be installed in duplicate, unless an auxiliary

connection with a municipal or private water company's supply can be

secured.
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At smaller terminals, it may be' found advisable to merely install standby

equipment, as, for example, three similar units, any two of w^hich are capable

of furnishing the maximum daily requirements within twenty hours' pump-

ing time.

At all important main line watering points, unless an auxiliary service

can be made and water purchased in cases of emergency, either duplicate

or standby equipment should be provided. Where the ratio oi available

tank storage to the daily consumption is less than 100 per cent, or where

it is necessary to operate the pumps during two shifts to supply the demand,

the equipment should preferably be in duplicate. With greater ratios of

available storage to the daily demand and shorter pumping hours, the neces-

sity for duplicate equipment as a protection in cases of emergency diminishes

and it will usually be found that standby equipment of a smaller capacity

will afford ample protection. It is the practice on quite a number of rail-

roads tO' install, in the reconstrucion of such plants, a single new unit and

retain the old equipment as a standby.

Less Important Main Line and Branch Line Stations

The necessity for duplicate or standby units at less important main line

and branch line stations will usually be governed by local conditions such

as the ratio of available tank storage to daily consumption, the distance to

the next water station on either side, the nature of the equipment installed

at these plants, the number of pumping hours required per day, the avail-

ability of equipment carried in district or divisional stores and the capacity

of engine tenders, etc.

Where the spacing of water stations is such that, should an emergency

arise necessitating the removal of a water station from service and trains

can be watered at adjacent plants without seriously interfering with normal

train movements or requiring a reduction in tonnage handled, duplicate or

standby units are unnecessary.

On the other hand, if the spacing between water stations is the maximum
distance possible under ordinary operating conditions, it is advisable to

install duplicate units or standby equipment.

Again, where the tank storage is sufficient to meet the demands over a

period in excess of thirty-six hours, duplicate or standby units are unnec-

essary, since steam or gasoline driven equipment carried in divisional or dis-

trict stores can be installed in cases of emergency without seriously inter-

fering with normal train service, unless the supply is secured from a well.

Auxiliary Connections with Municipal or Private Water Companies

Wherever a connection with a municipal or private water company's

supply can be made; and sufficient water of suitable quality can be pur-

chased in emergency at reasonable rates, such connections may obviate the

necessity of providing duplicate or standby equipment. However, it is the

practice with some water companies to base their minimum rate for such

connections on a readiness to serve charge, which may result in such con-

nections being prohibitive and require the installation of duplicate or standby
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units. These dual connections between industrial and public water supplies

are being regarded with growing disfavor, due to the fact that in recent

years typhoid fever epidemics have been traced to the existence of such

installations. All connections with public supplies should, therefore, be

made in sucli a manner as to prevent the water being pumped by the railway

from finding its way into the city water mains. This can be accomplished

by running the connection from the city supply over the top of the storage

tank or by providing two valves in the connection with a short flanged

pipe between, which is normally removed and. only inserted in the pipe line

when it is desired to secure water through the connection.

Deep Well Pumping Plants

At terminals it will usually be found necessary to provide more than

one well to secure tlie required amount of water and unless the wells are

pumped by an air lift separate pumping equipment must be provided for

each well. In the case of an air lift, it is advisable to install duplicate com-

pressors and prime movers ; however, where separate pumping equipment is

provided for each well, it will usually be sufficient to provide equipment

capable of furnishing a small excess of the daily peak requirement, since a

failure of any single unit will not be of serious consequence. If it is pos-

sible to secure the total daily requirements of water from a single well at

terminals or important watering points, it is advisable to provide another

well with duplicate equipment, unless water can be secured from some other

source in emergency. At smaller plants, the necessity of providing dupli-

cate wells and pumping equipment will be governed by local conditions and

finances, as the first cost of constructing deep well pumping plants usually

exceeds that of other types.

Duplicate Motor Driven Plants

Motor driven equipment should be installed in duplicate only when

reliable electric power service is available or where interruption to the

service caused by storms, transmission troubles, etc., will not seriously

interfere with train movements. In all other cases, it is advisable to install

standby equipment driven by some other source of power. Where a motor

driven pump is installed at an existing pumping plant, it is often desirable

to retain the old equipment for standby service. Whenever duplicate motor

driven pumps are installed, the compensators or automatic control panels

should also be in duplicate, preferably arranged so that either panel can

operate either pump.

Relative Installation and Maintenance Costs

The relative increase in first cost to provide duplicate pumping units

will vary with the character and magnitude of the complete plant. As a

general rule the increase in cost will average from 15 per cent to 25 per cent

of the total cost of the plant, including all pipe lines, intake or suction

wells and storage tanks, but excluding the cost of any water treating

facilities which may be required. If a long discharge pipe line is necessary,

the percentage increase in cost may be even less than that given above.

A
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With the exception of duplicate motor driven pumps, there will be

very little, if any, increase in the cost over a period of time of operating

and maintaining duplicate equipment, other than the fixed charges arising

from interest on the additional investment, depreciation, taxes and insurance.

However, with duplicate motor driven pumps, the demand charge for elec-

tric power will be doubled, inasmuch as the connected load is doubled, unless

arrangements can be made with the power company to the contrary. Where

power is purchased on a kilowat hour basis without payment of a demand

or primary charge, there should be no^ increase in the cost of power.

Conclusions

1. Duplicate pumping units should be provided at all large terminals,

unless a satisfactory connection with a municipal or private water company

can be made and water purchased in cases of emergency.

2. At smaller terminals and important main line watering points

either duplicate or standby units should be installed, unless water can be

purchased in cases of emergency.

3. At less important main line stations and branch line stations the

necessity, if any, for duplicate or standby equipment will be governed by

local conditions.

4. Where water is pumped from deep wells, the necessity of providing

duplicate or standby units is dependent upon the number of wells required

tO' furnish the daily consumption, as well as the nature of the equipment

installed.

5. The distinction between duplicate and standby units cannot be

sharply drawn and the selection of type of protection to be provided will be

controlled by local conditions and finances.



Water Service 243

Appendix G

(7) USE OF GRAVITY AND PRESSURE FILTERS

B. W. DeGeer, Chairman, Sub-Committee; J. M. Fitzgerald, C. P. Hoover,

O. T. Rees, R. A. Tanner, S. C. Beach.

Committee reports progress.

Appendix H

(8) METHODS OF DISPOSAL OF SLUDGE AT WATER
SOFTENING PLANTS

R. E. Coughlan, Chairman, Sub-Committee ; J. R. Hickox, J. H. Davidson,

P. M. LaBach, R. W. Chorley, S. C. Johnson.

Committee reports progress.

Appendix I

(9) DESIGN AND MAINTENANCE OF TRACK PANS FOR
LOCOMOTIVE SUPPLY

E. G. Lane, Chairman, Sub-Committee ; E. A. Dougherty, F. D. Yeaton,

C. P. VanGundy, A. B. Pierce, W. B. McCaleb.

Committee reports progress.

Appendix J

(10) METHODS USED IN SECURING SUCCESSFUL WELLS
IN FINE SAND FORMATION

J. R. Hickox, Chairman, Sub-Committee; B. W. DeGeer, H. W. VanHoven-
berg, C. H. Koyl, J. M. Fitzgerald, F. D. Yeaton.

Committee reports progress.
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Appendix K

(11) ECONOMICAL SPACING OF WATER STATIONS IN
CONNECTION WITH INCREASING CAPACITY OF
ENGINE TENDERS

R. C. Bardwell, Chairman, Sub-Committee ; R. W. Chorley, C. M. Bardwell,

E. M. Grime, J. P. Hanley, H. H. Richardson.

Among- the various means which have been given serious consideration

with view of effecting further economy and improvement in railroad trans-

portation, is the question of speeding- up train movement and operation by

elimination of all avoidable delays. It has long been recognized that the

stopping of heavy freight trains created considerable expense as well as

delays and very creditable records have been reported during the past year

by several railroads in making long non-stop runs.

One oi the most important factors limiting the length of a non-stop

run is the question of water supply and fuel for the locomotives. In this

matter, the problem of water supply is of especial importance as the use

of this commodity will exceed that of coal between 600 and 900 per cent

in weight.

Check of locomotive water consumption indicates large variable factors

which are governed, not only by the type and condition of the power as

well as the service it is called upon to perform, which includes tonnage,

speed and track grade and alignment, but also is influenced to a considerable

extent by modern improvements, such as superheaters and feedwater heaters,

which will materially reduce the fresh water requirements. Based on

records for 1000 gross ton miles, the water consumption will vary from

50 tO' 350 gallons, so that the average is not comparable. On the passenger

car mile basis, the water used will vary from 10 to 30 gallons. It would

therefore appear that the maximum water requirements can best be esti-

mated from determinations of the largest fuel consumption possible with the

great areas available in the individual locomotives on the respective dis-

tricts and figuring- one gallon of water per pound of coal. On most dis-

tricts consumption records are either available or can be obtained from

actual tests.

Engine districts will vary in length depending upon local conditions,

but the average appears to lie between 100 and 150 miles. The ideal condi-

tion would appear to be in furnishing locomotives with sufficient water and

fuel so that no stop for this material would be necessary between terminals.

With heavy power now in use and its corresponding heavy consumption of

water and fuel, this has not appeared practical in many cases.

A method taken by some railroads to reduce the delays from water

stops has been the installation of track pans. However, the expensive

maintenance of such equipment, including the mechanical as well as the

track facilities, has held up consideration of such installation on many
railroads.
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During the past few years, experiments have been made with increasing

the size of locomotive tanks. Whereas a capacity of 10,000 gallons was

formerly considered exceptional, the use of six-wheel trucks has permitted

additional loading so that there are now many engine tenders in service

holding 16,000 gallons of water and on one railroad tanks with a capacity of

21,000 gallons are in use. The records made with this equipment in improv-

ing traffic movement, indicates that increasing attention will be given such

improvements as found consistent with safe wheel loads and is warranted

by the saving possible from elimination of former stops as compared with

the cost for hauling the increased tonnage.

It is desired to call attention to the considerable change in requirements

of water station spacing which is affected by the use of large' size engine

tanks. It was formerly considered good practice to locate water stations on

an average spacing of from 15 to 20 miles, consistent with local conditions.

On railroads where the large engine tanks have been placed in service

water station requirements have changed radically and a possible spacing

of between 30 and 60 miles is indicated as satisfactory. Stations which

were formerly considered as important have become unnecessary and the

dependability and adequacy of the terminal stations, with possibly one or

two intermediate plants, has been greatly accentuated. This fact is favor-

able from a water service standpoint to the extent that it permits concen-

tration of facilities with greater opportunity for giving all water used better

attention, and also allows better selections as to quality of supply.

In view of the tests which are now being made, it is not considered

advisable to draw definite conclusions.

Your Committee desires to recommend that this subject be reassigned

for further study and report.





REPORT OF COMMITTEE IX —GRADE CROSSING
DESIGN, PROTECTION AND ELIMINATION

T. E. Rust, Chairman; A. B. Griggs, Vice-Chairman;
O. C. Badger, F. G. Jonah,
F. D. Batch ELLOR, R. B. Kittredge,
B. F. Beckman, a. E. Korsexl,
Bernard Blum, A. C. Mackenzie,
J. F. Burns, H. G. Morgan,
R. E. Chamberlain, G. P. Palmer,
H. S. Clarke, J. A. Peabody,
W. E. Colladay, Frank Ringer,
L. B. CuRTiss, • H. M. Shepard,
A. F. DoRLEv, T. S. Stevens,
G. N. Edmondson, F. J. Stimson,
F. M. Graham, M. D. Thompson,
C. E. Herth, W. J. TowNE,
W. O. Houston, A. H. Utter,
R. L. Huntley, I. D. Waterman,
Maro Johnson, Commitiee.

To the American Railway Engineering Association:

Your Committee presents herewith report covering the following

subjects

:

(1) Revision of the Manual (Appendix A).

(2) Methods of apportioning the cost of highway improvements adja-

cent and parallel to railroad rights-of-way (Appendix B).

(3) Study and report on the value and safety of various forms of

manual or power-operated grade crossing protection as against crossing

watchman protection (Appendix C).

(4) Collaborate with Committee X—Signals and Interlocking, on vari-

ous types of mechanical and power operated grade crossing protection devices

and their relative merits (Appendix C).

(5) Study and report on (a) Laws and regulations affecting the appor-

tionment of federal aid; (b) the proper form and character of division

of costs of separation of grades as between the railway, state, county, muni-

cipal or other corporation (Appendix D).

The Committee reports progress on the subjects of, (a) Study and

report on the character and extent of unnecessary or duplicated highway

crossings over railways with methods for their combination and conse-

quent elimination; and (b) Study and report on the economic aspect of

grade crossing protection in lieu of grade separation.

Action Recommended

1. That the report of the Committee on the above subjects be received

as information.

Bulletin 292, December, 1926.

247
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Recommendations for Future Work

1. Revision of the Manual.

2. Continue the study of methods of apportioning the cost of high-

way improvements adjacent and parallel tO' railroad rights-of-way.

3. Investigate and report on the relative merits of the various types

of grade crossing protection, collaborating with Committee X.

4. Continue the study of unnecessary highway crossings of rail-

ways, with methods for their elimination.

5. Continue the study of the economic aspect of grade crossing pro-

tection in lieu of grade separation.

6. Study and report on improvements in the location, design, and use

of the locomotive whistle to increase its effectiveness.

7. Investigate and report on the use of center piers in highway under-

crossings.

8. Outline of work for ensuing year.

Respectfully submitted.

The Committee on Grade Crossing Design,.

Protection and Elimination,

T. E. Rust, Chairman.

Appendix A

(1) REVISION OF THE MANUAL

Maro Johnson, Chairman, Sub-Committee; L. B. Curtiss, C. E. Herth.

Owing to the revised scope of the work assigned to Committee IX,

all matter now in the Manual relating to Signs, Fences and Crossings,

with the exception of Highway Crossing Signs, and Specifications for

Highway Grade Crossings, has been transferred to Committee I—Roadway.

No revision of the Specifications for Highway Grade Crossings is recom-

mended. The Committee is giving consideration tO' a possible revision of

the Highway Crossing Signs adopted last March, and may submit a report

on this subject later.



Grade Crossing Design, Protection and Elimination 249

Appendix B

(2) METHODS OF APPORTIONING THE COST OF HIGH-
WAY IMPROVEMENTS ADJACENT AND PARALLEL TO
RAILROAD RIGHTS-OF-WAY

R. E. Chamberlain, Chairman, Sub-Committee; O. C. Badger, R. B.

Kittredgc, A. E. Korsell.

When the above subject was first assigned to your Committee it seemed

probable that the railroads, through assessments and ad valorem taxes, would

be called upon to bear a large part of tlie cost of highway improvements

from which they would derive very little benefit. Within the last few

years, however, the trend has been to finance an increasingly larger part

of the cost of these improvements by gasoline taxes and license fees rather

than by property taxes. The information given below was obtained from

questionnaires addressed to Attorney-Generals of the various States and also

General Solicitors of the larger railroads operating in the various states.

It has been necessary to revise information submitted in previous years for a

number of states.

It will be noted that there are only four states, namely, Illinois, Massa-

chusetts, New Jersey and New York, which have no gasoline tax, the

remainder of the states in the Union financing considerable portion of

their road improvement by means of gasoline tax and motor vehicle fee.

As a matter of information, a statement is attached showing the amount

of revenue derived from gasoline tax for the first six months of 1926.

This information was received from the Bureau of Public Roads, U.S.

Department of Agriculture. On this basis American motor vehicle owners,

will pay approximately $170,000,000 for gasoline tax this year. The total

gasoline tax for the first six months of this year was divided approxi-

mately as follows

:

65% to State Highway Department.
23% for County and Local Roads.

7% for State and County Road Bonds.

5% for Miscellaneous.

In all states imposing a gasoline tax the rate varies from one to five

cents a gallon, an average of 2.39 cents per gallon.

Gasoline taxes were first imposed in 1919 when four states adopted this

form of taxation and derived a revenue of a little more than $1,000,000.

The practice is now general and the large revenue derived is one of the

most important sources of highway income.

The U.S. Department of Commerce has just made public a report

showing that for 1925 the income from gasoline tax amounted to $87,353,194

and income from licen.se fees $198,710,310, making a total of $286,063,504

derived from gasoline tax and motor license fees. During this period there

was spent $481,700,000 for highway construction and $144,000,000 for main-

tenance of existing highways, making a total of $625,700,000 for state high-
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way purposes. Therefore, taking the year 1925 as an index, approximately

46 per cent of the cost of highway construction and maintenance was

financed by receipts from motor vehicle taxation. On the basis of the

first six months of 1926, State Highway Departments will receive approxi-

mately $110,000,000 from gasoline tax against $87,353,194 received in 1925,

or an increase of approximately 30 per cent.

The Committee believes that the fact that the highway being located

adjacent and parallel to a railroad right-of-way should have no bearing

on the method of apportioning the cost of highway improvement. Recogniz-

ing that where property is in fact benefited by highway improvement such

property should bear a share of the cost, the Committee still feels that the

greater portion of the cost of highway construction and maintenance should

be paid for by the users of the highways in the form of motor vehicle

license fees and gasoline taxes. There seems to be a general trend in

this direction on the part of the states, which, in the opinion of the Com-
mittee, will relieve in a great measure the railroad companies from any bur-

densome expense for highway improvement from which they derive little

or no benefit.

Such information as the Committee has been able to obtain amplifying

or correcting the information heretofore presented as to the methods in

force in the different states of raising the revenue for highway improve-

ments, is given in the following pages, and a tabulation of all the informa-

tion at the Committee's disposal appears as Table A.
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Table A
Method of Apportioning Cost of Street and Highway Improvements

Adjacent and Parallel to Railroad Rights-of-Way

STATE
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Arkansas
Assessments are ordinarily levied on. an ad valorem basis. There is no

special assessment placed on railroad property for the construction of state,

county or township roads, except where an improvement district is organ-

ized. In the event a district is organized for the construction of a road,

no assessment is levied for maintenance and only one-half of the construction

can be assessed against the land, the remainder being paid from state and
Federal aid.

The fact that a highway may be constructed parallel with a railroad

might place more of the railroad property in a particular zone. The value

of railroad property is not taken into special consideration, the lands being

assessed on the same basis that surrounding farm lands are assessed.

In 1924 a law known as the Harrelson Act was passed which levied

a sales tax on gasoline, oil used for automobile lubrication, and on other

items which yields a considerable sum. This money is allocated by the

State Highway Department to the various counties and Improvement Dis-

tricts for the purpose of assisting in taking up the bonds issued by the

Imprfovement Districts, all issues of which are serial. This has been of

assistance to the property owners in reducing the annual payments, taxes

or assessments to meet interest and bond requirements.

California

The Constitution of the State of California empowers the l^islature

to establish and maintain a system of state highways and to extend aid for

the construction and maintenance of any coimty highway, paying for the

same under a general bond issue.

One of the sources of revenue of the state is derived from a tax on
public utilities and other corporations of similar nature. Operative railroad

property is exempt from local taxes, and railroad companies, for state pur-

poses, are required to pay a tax based upon gross receipts from operations

within the state. Whether or not the state highways are located parallel

and adjacent to the right-of-way of a railroad, would be, of course, imma-
terial to the railroad company in so far as the cost of construction is con-

cerned.

County highway construction work is done principally under three acts,

namely, Gwxi Roads Law, Road District Improvement Act, and Permanent
Road Divisions. Under these acts bonds are issued and payment of interest

and principal is provided for by a "special assessment tax" upon all the

land within the district.

The Federal government has made provision for aiding states in the

construction of "rural post roads" by authorizing the payment to the state

of an amount not exceeding fifty per cent of the cost of the work. The
money thus paid belongs to the state and is subject to its control, acting

through appropriate channels.

Colorado

All improved highways are constructed by the State Highway Com-
mission with funds appropriated by the State Legislature.

There is a state levy of one-half mill for highway purposes. County
levies cover the expense of constructing and maintaining county streets and
roads. Taxes are apportioned on an ad valorem basis. The fact that

a highway is located parallel and adjacent to a railroad right-of-way has
no bearing on the apportionment of the cost against the railway company.
The railroads are assessed for highway purposes only in the general taxes.

All property is assessed by statute, at full value.

For the fiscal year 1927 this state will receive $1,380,000 under the

Federal aid system. This is apportioned according' to a budget prepared
by the State Highway Advisory Board and approved by the Governor.
Federal aid funds are applied only on projects which are a part of the

Federal aid system.
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Connecticut

The highways of this state are financed from the taxes on motor

vehicles, gasoline tax and general taxation. During 1924 this state spent

about $8,000,000, $5,000,000 of which was derived from automobile fees;

$1,000,000 from gasoline tax, and approximately $2,000,000 from civil list

funds appropriated by the legislature from all revenues received.

Since 1907 the statutes of this state have exempted the right-of-way of

railroads from assessments for benefits from "municipal or public works
and improvements." Prior to that act a railroad was held not subject to

assessment for beiiefits from the construction of a street parallel and ad-

jacent to its right-of-way (City of Bridgeport vs. New Haven, 36 C. 255),

nor for paving of a street adjacent to its railroad property on which was
located its freight or passenger station (Naugatuck Railroad vs. Waterbury,
78 C. 193). Such benefits, however, have been held assessable against a

large plot of railroad property which was available for factory purposes

but a small portion of which was used by an extension track where the

element of permanency of railroad use did not appear. (New Haven Rail-

road vs. New Britain, 49 C. 40).

Florida

Local assessments for highway improvements outside of cities and towns
are only authorized in counties having not less than 75,000 nor more than

100,0(X) population according to 1920 census. The entire cost is assessable

against the property abutting on the highway in proportion to the frontage.

Railroad property is assessed according to its frontage on the highway the

same as other property. There is an annual auto license tax, also gasoline

tax of 4 cents per gallon; the proceeds of which are used to finance cost

of highways. Three cents of the gasoline tax goes towards the construction

of state highways and one cent is equally prorated among the various

counties.

Idaho

Under the provisions of the Idaho statutes roads are constructed and
maintained by the state, the counties, or by a number of different classes

of highway districts. In all cases, however, the revenues required, aside

from the revenues derived from poll taxes, automobile taxes, gasoline taxes,

etc., are derived from ad valorem taxes laid upon all of the property in

the state, county, or highway district, as the case may be. There are no
provisions imposing any special burdens with respect to the construction
or maintenance of highways upon railway companies other than in con-
nection with crossings.

Indiana
This state through legislation has established three taxing units for the

construction, assessment and improvement of highways, viz., the state, county,
and township. State highways are constructed largely through funds de-
rived from a tax on the use of gasoline upon the highways, and also
through aid from the Federal government. However, in the procurement
of rights-of-way for state highways benefits are taken into consideration
in establishing the amount of compensation due the land owner for land
appropriated for that purpose, but no assessment is made for benefits in

excess of the damages to the land so appropriated. A portion of the tax
on gasoline is also apportioned to the counties and municipalities of the
state. This fund so apportioned is also used by these taxing units in the
improvement of highways.

By the Act of 1921 the railroad's right-of-way within the assessment
district would be subject to the same rules governing the fixing of benefits
as any other landowner. The question of whether the railroad company is

benefited much or little under such circumstances would be a question of
fact and the company would have the same right of review and appeal
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as any other landowner. The railroad company also being a taxpayer

would also bear its share of the general taxes to be paid by the taxing

district through which the highway is established or constructed the same
as any other taxpayer.

Louisiana

State highways are constructed, first, by the State Highway Commission
from funds realized from a gasoline tax, vehicle licenses, etc. ; secondly, by
the parishes, through the organization of road and sub-road districts under

the direction of the State Highway Commission. All property located

within the road or sub-road districts bears its proportionate share of the

assessment on an ad valorem basis. The fact that a highway might parallel

a railway right-of-way would not affect the basis of assessment. The
valuation of railway property for all purposes of taxation is fixed by the

State Tax Commission.
Michigan

The only roads in this state that are constructed in whole or in part

by special assessment are county roads and the special assessments made
for the construction of such roads must be based upon benefits to the

property assessed and not upon frontage or an ad valorem basis.

The payment of the taxes assessed against railroad property by the State

Board of Assessors exempts such property from general taxation for all

purposes.

A bond issue of $50,000,000 for highway construction purposes was
authorized in 1919 and in the same year the legislature gave its consent to

the provisions of the Act of Congress approved July 11, 1916, entitled "An
Act to provide that the United States shall aid the States in the construction

of general post roads, and for other purposes."

All roads in this state on which Federal aid money is expended are
State Trunk Line Highways constructed and maintained at the sole expense
of the state, except for the Federal aid money received thereon. The total

Federal aid money appropriated during the last year was $2,225,000:

County and township roads are constructed, improved and maintained
by direct property tax for which railroad rights-of-way are exempted. State

trunk line roads are constructed and improved by moneys received from
automobile weight tax and gasoline tax.

Minnesota
Trunk highways are constructed and maintained by the state. State aid

roads are constructed and maintained by the counties, the expense being
borne jointly by the state and counties. County roads are constructed by
the counties and maintained by the townships. Township roads are con-
structed and maintained by the townships. In securing the necessary right-

of-way for highways the various governmental departments, as well as the

State Highway Commission, have a right to obtain the same by eminent
domain proceedings. If property is taken for right-of-way for highway
purposes the special benefits resulting to such owner may be deducted there-

from up to the extent and amount of damages. The cost of construction
and maintenance of rural highways is paid by the governmental subdivision

as a whole, and not assessed against adjacent property.

The amount of Federal aid allotted to the State of Minnesota for the
current fiscal year is $2,123,000. It is used by the Highway Commission
in the construction of trunk highways only.

Mississippi

Roads and highways are built and maintained by an ad valorem tax on
all property within a road district, based on the general assessment of
such property.

The fact that the highway parallels the railroad right-of-way would
have no bearing whatever on the apportionment of the cost against the
railroad company.
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Roads are built under the supervision of the State Highway Department
in conjunction with the Federal government, the State's money, or a large

part of it, being furnished by tlie tax on gasoline of four cents per gallon.

Missouri

State highways are constructed under the direction of the State High-
way Commission, the funds being supplied by a bond issue of $60,000,000,

which is being retired by automobile license fees and a gasoline tax. The
automobile license fees and gasoline tax have been sufficient to retire the

bonds as they mature, and it is believed the entire bond issue will be retired

from license fees and the gasoline tax.

In the event that the matured bonds cannot in the future be met
with the gasoline and license fees, the railroad property would be assessed
in the same manner and same basis as other property. The valuation for a

railroad is determined on the same basis as any other property, by the

taxing officials. A valuation per mile is fixed and multiplied by the number
of miles in the district.

The amount of Federal aid received in 1926 was $2,439,401. This
amount is apportioned one-third to the primary roads, and two-thirds to the
secondary roads. One-third is expended for the construction of primary
roads at an}' place the Commission may direct. The two-thirds is appor-
tioned among the several counties in the ratio that the estimated cost of all

secondary roads to be constructed in a given county bears to the estimated
cost of all secondary roads to be constructed in the state.

Montana

We have in Montana no statutes authorizing the direct assessment of
railroad property to defray any portion of the cost of constructing or main-
taining highways parallel and adjacent to railroad right-of-ways.

For the purpose of raising revenue for the construction, maintenance
and improvement of public highways the Board of County Commissioners
of each county in this state may levy and cause to be collected a general tax
upon taxable property in the county "of not less than two mills, and not
more than five mills on the dollar, which shall be payable to the county
treasurer with other general taxes. There is also established a general

road tax of two dollars per annum on each male person over the age of
twenty-one years and under the age of fifty years, who is an inhabitant

within the county, and payable by each person liable therefor at any time
within the year. The collection of these taxes is under the direction of
the Board of County Commissioners. The foregoing provisions do not
apply to incorporated cities and towns which, by ordinance, provide for

the levy and collection of a like general tax and a like special tax within
such cities and towns for road, street and alley purposes. All moneys
collected under the provisions of this act belong to the general road fund
of the county. There are also some statutory provisions permitting addi-
tional levies to be made for highway purposes where the matter has been
submitted to a vote of the people at some general or special election,

and there is also a provision for issuing bonds by a county for highway
construction. These bonds and interest are paid by a general tax upon all

the taxable property of the county, including railroad property.
The fact that a highway is adjacent to a railroad right-of-way does not,

therefore, have any bearing on the cost to the railroad company.

Nf.w Hampshire

The funds in this state for highway purposes come from licensing motor
vehicles and gasoline tax of two cents per gallon. This gave an income
of approximately $2,300,000 for this year. All of the highway work is of a

State aid nature, the state assisting the towns so that the towns raise
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money by direct appropriation. The fact that a highway to be improved is

located parallel and adjacent to the right-of-way would have no bearing
on the apportionment of taxes. The valuation of railroad property for

taxation is determined by the Tax Commission.
The amount of Federal aid received is the minimum apportionment to

any state, which is $365,000. This money is used in the improvement of the

7% system which, in this state, is practically one thousand miles of road.

This money is apportioned to the towns, the town paying one-fourth to one-
third the cost of the project; the State paying one-sixth to one-fourth, and
Federal aid one-half.

New Jersey

When the state undertakes the improvement of a highway, through its

Highway Commission, the cost is borne by the state, and when an improve-
ment is made by a county, the state contributes toward the cost. The
methods of improvement by the state and by the counties, with the aid of
the state, are practically the only methods now used. Under certain circum-
stances, counties do improve highways with the aid of municipalities, but

assessments are not made on property owners for benefits from these high-
ways running through the country districts.

North Dakota

Railroad property is not assessed any differently than any other property
in this state, and highways constructed either by the state or county or

township are not constructed through special assessments upon adjacent
property but through general taxation.

Oklahoma

Highways are classified as State, County and Township roads. State

highways are constructed by the State and paid for by State, Federal and
County aid. They are maintained after construction entirely by the State

Highway Department out of State Highway and Federal funds. County
highways are constructed and maintained entirely by County funds. Town-
ship highways are built by township and county funds, and maintained by
township funds.

The State Highway Fund is composed of an automobile license tax
and a three-cent per gallon gasoline tax. The County Highway Fund is

derived from a percentage of the automobile license and gasoline taxes,

also from ad valorem taxes levied for road purposes. The Township Fund
is wholly ad valorem.

The County or township may vote road bonds. These bonds are paid

for through ad valorem taxation. Ha paved highway should be located
adjacent to and parallel with a railroad, the railroad company would be
assessed as great an amount as any other taxpayer who had property
valued as high as the railroad company.

The value of railroad property for the purpose of taxation is allocated

by the railroads in collaboration with the State Auditor. The assessment of
railroads is made by the State Board of Equalization.

Rhode Island

Rhode Island has the town system of government and all the towns
are incorporated, the corporation being defined by the town lines or boun-
daries, noi part of the state being outside of incorporated limits.

In Cleveland vs. Tripp, 13 R. I. 50, it was stated, however, that an
assessment^ by front foot for a street improvement, if extended to rural
or farm lines, would be so plainly unfair or extortionate that it could
not be sustained. This case was affirmed in Bishop vs. Tripp, 15 R. I. 466.
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Utah

The Utah statute provides tliat whenever the State Commission shall

decide to construct or improve a portion of a state road, the Board of

County Commissioners is authorized to levy a special road tax on all assessed

property in the county, not to exceed three mills on the dollar, to be used for

the construction and maintenance of state roads in said county. The tax

so collected shall, from time to time as called for by the State Road
Commission, be remitted to the State Treasurer to be drawn upon in addi-

tion to the fund provided by the state. The State Road Commission has

authority under the law to issue bonds for the building of state roads.

The interest on these bonds, as w-ell as the sinking fund accumulated to

ultimately pay ofif the bonds, is acquired through a state motor vehicle tax.

In case the fund arising from the tax on motor vehicles sliall not be suffi-

cient to pay the interest and accumulate a proper amount for the sinking

futid each year, this deficit is made up from the state gasoline tax fund.

The remainder of funds derived from gasoline tax is used for maintenance
and construction of state roads.

Another method of deriving funds for highway construction that is

used in this state is the Zone system, where the property in the first third of

the district either side of the center line of highway, bears 50 per cent of

the cost, the property in the middle third, either side, 30 per cent, and the

property in the outside third on either side, 20 per cent of the cost.

The cost of highway improvements adjacent to and parallelling the rail-

road rights-of-way is derived from general taxation.

Washington

Roads in W'ashington are, for the most part, constructed and main-
tained by the state or counties ; and in such cases all costs of construction

and maintenance (not co\-ered by license taxes imposed upon automobiles,

sales of gasoline, etc.) are paid from road or road and bridge funds for

which taxes are levied upon an ad valorem basis upon all property in the

state or county respectively.

Railway operating properties are assessed by the State Tax Commis-
sion, subject to review and equalization by the State Board of Equaliza-
tion. These boards primarily fix the valuation of tiic several railway
properties within the state, theoretically upon the basis of the full valua-

tion thereof. When the total valuation of the operating properties of each
company in the state has been thus determined, it is apportioned between
the various counties in which parts of such property may be located, in

proportion to the mileage of railway in the respective counties. Having thus
determined the amount of the total valuation to be apportioned to each
county, the Board then endeavors to determine the ratio of the assessed to

true valuation of other property in each county, and certifies a like propor-
tion of the total valuation allotted to any county to the county for spreading
upon its assessment rolls. The amount thus certified to any county is

then allocated by the county authorities to the different taxing districts

in the state in proportion to the mileage c>f each and all ad \alorem
taxes are extended against the valuations thus certified and apportioned.

If this work is done properly railroads, of course, bear only their due pro-
portion of all taxes, including road and bridge taxes, with all other property
in the respective counties.

Almost all highways in this state are constructed, improved and main-
tained by the state or counties out of a general fund provided by taxa-
tion and there have been no cases arising under these various special

district plans where railway properties were involved.
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Wisconsin

The funds available for highway purposes each year under our present

law are provided as follows: An amount approximately $1,873,000 from the

Federal government as Federal aid for highways, an amount estimated at

eight and one-half million dollars from motor vehicle license fees, and an

amount estimated at four and one-half million dollars from the two-cent

gasoline tax, making in all a fund totaling slightly under fifteen million

dollars (see Sec. 20, 49, Wis. Stats., page 7, Bulletin No. 15). In addition

to this, the counties provide funds for highway improvement through taxes

and the issue of bonds, in an amount which probably will average close to

five millions annually. The purposes for which the state highway appro-

priation is made are set forth in the appropriation section named (Sec. 20,

49). There is first an appropriation for administration, then 10 per cent

of the remainder, approximately $1,450,000, is set aside as a free fund for

the improvement oi the trunk highway system in any place or in any

manner that the State Highway Commission may determine will serve the

best interests of the state. Thereafter other appropriations are made for

various other purposes ; marking the signing, the maintenance of the state

trunk highway system, special bridges, roads to state institutions, roads in

state parks, materials, investigations, and for the improvement of local roads

and streets. The amount remaining after deducting all the specific appro-

priations named is appropriated for the improvement of the state and county
trunk highway systems (Sub-section (9) of Section 20.49, page 11) and is

allotted to the counties on a two-factor basis (Sub-section (9) of Section

84.03, page 43). Forty per cent is allotted on the basis of the motor vehicles

registered from that county as compared to the total in the state and 60
per cent on the basis of the total rural highway mileage in the county as

compared to the total in the state. Twenty per cent of the county's allot-

ment must be set aside for the improvement of the county trunk highway
system within the county and 80 per cent for the improvement of the

state trunk highway system within the county.

Wyoming
There is no provision in the Wyoming statutes for proportioning cost

of highway improvements adjacent and parallel to railroad rights-of-way.
The railroad's share of any highway improvement parallel to its line would
be the same as that of any other property similarly situated, and is determined
only by the general tax levy.
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Revenue Derived from Gasoline Taxes First Six Months of 1926

State Amount

Alabama $ 1,175,152

Arizona 4d6,234

Arkansas 1,861,280

California 7,413,624

Colorado 921,426

Connecticut 1,140,433

Delaware 173,214

Florida 6,197,421

Georgia 2,559,217

Idaho 477,123

Illinois

Indiana 4,022,264

Iowa 2,193,634

Kansas 1,839,712

Kentucky 2,448,809

Louisiana 1,253,859

Maine 561,791

Maryland 1,019,388

Massachusetts
Michigan 4,373,598

Mississippi 1,722,707

Missouri 2,561,611

Montana 388,946

Nebraska 1,402,941

Nevada 173,719

New Hampshire 263,944

New Jersey
New^ Mexico 322,536

New York
North Carolina 3,598,412

North Dakota 339,507

Ohio 5,968,232

Oklahoma 2,775,015

Oregon 1,466,204

Pennsylvania 5,252,410

Rhode Island 234,593

South Carolina 2,454,033

South Dakota 848,663

Tennessee 1,700,601

Texas 2,355,792

Utah 563,724

Vermont 179,468

Virginia 2,446,643

Washington 1,595,302

West Virginia 1,194,032

Wisconsin 2,189,579

Wyoming 220.833

District of Columbia 478,217

Total $82,785,843
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Appendix C

(3) THE VALUE AND SAFETY OF VARIOUS FORMS OF
MANUAL OR POWER OPERATED GRADE CROSSING
PROTECTION AS AGAINST CROSSING WATCHMAN
PROTECTION

F. D. Batchellor, Chairman, Sub-Committee ; B. F. Beckman, J. F. Burns,

F. M. Graham, A. C. Mackenzie, H. G. Morgan, J. A. Peabody, T. S.

Stevens, H. M. Shepard, A. E. Korsell.

As a basis for studying the above subjects a request was made on the

larger railroads for a copy of their annual report made tO' the Interstate

Commerce Commission covering grade crossings.

The information obtained is shown in "Table B," attached. From
this we find that the kinds of protection generally used are as follows

:

1. Gates with or without other protection, operated 24 hours per

day.

2. Gates with or without other protection, operated less than 24
hours per day.

3. Watchmen alone or with protection other than gates on duty
24 hours per day.

4. Watchmen alone or with protection other than gates on duty
less than 24 hours per day.

.S. Both audible and visible protection without either protection.

6. Audible signals only.

7. Visible signals only.

8. Special fixed signs, or barriers, in addition to standard fixed

signs.

9. Standard fixed signs only.

Below will be found the results of our study of the different types.

It should be remembered that this does not include all the crossings and all

the railroads in the United States.

1. Gates.—Of the total number of crossings reported 2.8 per cent were

protected by gates, 2877 being in service 24 hours and 2399 in service less

than 24 hours. There were 62 less crossings protected by gates on December

31, 1925, than, there was on January 1st.

This type of protection is good under certain conditions where street

traffic is not too' heavy and when operated for 24 hours, but it also has its

disadvantages as hereafter outlined.

The gates are operated by a gateman and in operating the gates he

usually has to depend on his vision and hearing to tell when trains are

approaching and on his judgment as to the action he shall take in operating

the gates. This requires him to be on the alert at all times. In foggy

weather it creates a particularly hazardous condition. If the engineman

fails to sound the whistle or ring the bell the watchman has tO' depend on

his vision alone. After the train has been seen or heard it takes considerable

time to lower the gates.
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Table B

Statement of Grade Crossings Showing Kinds of Protection of Various
REiilroads of the United States and Canada, 1925

Kind of Protection
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Table B— (Continued)
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Gates are frequently run into and at times vehicles are caught between

the gates, and in a number of cases vehicles damaged by being hit by the

gates when being lowered.

When gates are broken a more dangerous condition is created by the

gates being in clear position, even though the gateman is on duty as flag-

man, than would be the case if the gates were not present.

In locations where fogs are prevalent or the view of approaching

trains is obstructed, an annunciator bell should be located in the watch box

to give warning to the gateman in time for proper closing of the gates

against highway traffic.

Where gates are in service for less than 24 hours and not in service

when there is traffic on the railway the protection is not satisfactory in that

it conveys a false sense of security to those using the crossing and may
result in serious injury. In such cases, mainly in the interest of public

safety, but indirectly affecting appreciable economy in the protection of

such crossings, consideration should be given to the replacement of the inter-

mittent gate operation with signals. These signals should be operated auto-

matically when practicable but may have to be operated manually part or

all of the time.

2. Watchmen.—3.4 per cent of the crossings reported are protected

by crossing watchmen, or a total of 6422 crossings ; 990 of these are pro-

tected during the 24 hours and 5380 less than 24 hours per day. There were

139 less crossings protected by watchmen on December 31, 1925, than on

January 1, 1925, showing that this type of protection is decreasing.

Crossing watchmen are more or less a relic of the horse' drawn vehicle

days and of positions for incapacitated employees who were able to handle

traffic at that time. With the advent of the automobile traffic conditions

have changed and a crossing w^atchman must be alert, physically and

mentally.

There are crossings where considerable switching is done where cross-

ing watchmen would probably afford the best protection, but on the average

crossing we do not believe this is the best type of protection.

Crossing watchmen generally have to depend entirely on their sight and

hearing to warn them of approaching trains, and if the engineman fails to

sound the whistle, on their sight alone. In foggy or inclement weather this

becomes increasingly difficult. After they have seen or heard the train they

must get out of their shanty and on to the crossing before they can effec-

tually warn those using the crossing.

Where crossing watchmen are used they should display a "Stop" disc

by day and a red hooded lantern by night, when it is unsafe to cross.

Crossing watchmen should have police power of control over traffic, as

experience has shown that in spite of their warnings, machines will cross

tracks ahead of trains and in a number of cases watchmen have been struck

and in some cases seriously injured.

3. Signals.—5.4 per cent of the crossings reported are protected by

signals, or a total of 10,238 crossings. Four thousand three hundred sixty-

seven of the crossings are protected by both audible and visible signals.
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Four thousand six hundred ninety-one by audible signals only, and 1272 by

visible signals only.

During 1925 there was an increase of 391 in crossings protected by

both audible and visible signals, a decrease of 303 crossings protected by

audible signals only and an increase of 246 crossings protected by visible

signals only.

We believe that where practicable, the automatic visible signal is the

most efificient protection in use for the following reasons

:

1. It is automatic and does not depend on the eyesight or hearing of

a watchman or gate tender to warn of approaching trains.

2. The failure of the engineman to blow the whistle or ring the bell

lias no effect on the signal, as action is immediate as soon as train occupies

the circuit.

3. Weather conditions have no' material effect on it.

4. Signals are easily seen and there is no mistaking the signal given,

as sometimes happens in case of crossing watchman.

Where it is not practicable tO' have automatic control, manually con-

trolled or a combination of automatic and manually controlled signals are

preferable tO' any other forms of protection.

4. Special Fixed Signs or Barriers.—We are assuming that this

applies to advance signs placed on side of the roadway calling attention to

the approach to railroad crossings. There are some few cases where

barriers have been erected to compel slow speed at approach to crossing.

10.5 per cent of crossings are protected in this manner, or 19,898 cross-

ings. During 1925 there was an increase of 2316 crossings protected in this

manner.

We believe that the special fixed sign in advance of the standard

crossing sign is an excellent thing, as it gives the user of the highway

advance notice that he is approaching a railroad crossing.

5. Standard Fixed Crossing Signs.—By far the greater number of

crossings are protected in this manner only, there being 77.9 per cent or

147,245 crossings as of December 31, 1925. There was a decrease oi 1860

crossings protected in this manner during 1925.

It would seem, that the crossing protected only by standard fixed signs,

being so universal, is the one which should be given serious consideration.

It is, therefore, necessary that the railroads and public do their part.

The Railroads Should See

1. That all obstructions on the right-of-way are removed so as to give

as clear a view as possible of the tracks.

2. That the crossings and grades are kept in the best possible condition.

3. The enginemen blow their whistle and ring engine bell on approach-

ing crossings and continue until crossing is reached.

4. That engine be equipped with whistle of sufficient volume tO' be

heard at the crossing.

5. That cars, so far as possible, are not left standing on tracks adjacent

to crossing where they will obstruct the view.
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The Public Should

Approach crossings cautiously and not attempt to cross until they have

satisfied themselves that no trains are approaching. They must realize that

trains must travel on the rails and that they must maintain their speed

in order to make schedule required by the public. No complaint is made at

having to stop at street intersections with arterial highways and it is

necessary that even more care be exercised in crossing a railroad than

an arterial highway.

The Public Authorities Should See

1. That all obstructions oft of the right-of-way are removed so as to

give as clear a view as possible of the tracks.

2. That grades approaching crossings are kept in good condition.

The Interstate Commerce Commission records show that in 1925 there

were 2206 persons killed and 6555 persons injured as a result of accidents

at highway grade crossings. Of this number 1772 were killed and 5820

injured as a result of either trains striking automobiles or trucks, or auto-

mobiles or trucks running into trains.

The total number of grade crossings reported to the Interstate Commerce
Commission for 1925 was 232,755, and the number of accidents at grade

crossings 5452,

The number of each type of protection and number of accidents at

each is given below

:

Number of Cross- Number of Acci-
Kind of Protection ings Protected dents at Crossings

Gates 6,298 210
Watchmen 7,902 568
Signals 12,961 777
Standard Fixed Crossing Signs 205,594 3,897

232,755 5,452

The State of New York made a study of automobile accidents in that

state during the year 1925, which show'ed that there were 47,128 accidents

of which only 148 occurred at railroad crossings.

Table "C" attached shows a traffic census taken in the State of New
York in August, 1925. This statement shows the kind of protection at

each crossing where the information was available.

(4) VARIOUS TYPES OF MECHANICAL AND POWER OP-
ERATED GRADE CROSSING PROTECTION AND THEIR
RELATIVE MERITS, COLLABORATING WITH COMMIT-
TEE X—SIGNALS AND INTERLOCKING

Your Committee is unable to decide at this time on the merits

of each type of protection.

The tendency is toward flashlight and wig-wag signals.

Below is shown typical installation of flashlight signal and wig-wag,

either of which your Committee recommends. (Plates "A" and "B".)
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Table C
Statement of Grade Crossing Traffic, Census State of New York, 1925

HIGHWAYS
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Table C— (Continued)

AV. DAILY TRAFFIC
HIGHWAYS RAILROADS highway railroad INDEX



268 Grade Crossing Design, Protection and Elimination

Wigwag Signal Installed by Chicago & Northwestern Railway at

Harlem Avenue, Norwood Park, Chicago
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Highway Crossing Flashlight Signals Installed by the New York
Central Railroad at Center Street, Waterloo, Ind.
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Appendix D

(5) STUDY AND REPORT ON (a) LAWS AND REGULA-
TIONS AFFECTING THE APPORTIONMENT OF FED-
ERAL AID; (b) THE PROPER FORM AND CHARACTER
OF DIVISION OF COSTS OF SEPARATION OF GRADES
AS BETWEEN THE RAILWAY, STATE, COUNTY, MUNI-
CIPAL OR OTHER CORPORATION

A. B. Griggs, Chairman, Sub-Committee; A. F. Dorley, H. S. Clarke, R. L.

Huntley, F. G. Jonah, M. D. Thompson.

(5) Study and report on, (a) Laws and Regulations Affecting the

Apportionment of Federal Aid

The Congressional Acts under which Federal Aid is authorized are as

follows

:

(1) An Act to provide that the United States shall aid the States in the

construction of rural post roads, and for other purposes. Approved
July 11, 1916.

(2) An Act making appropriations for the service of the Post Office De-
partment for the fiscal year ending June 30, 1920, and for other
purposes. Approved February 28, 1919.

(3) An Act to authorize the Secretary of War to transfer certain surplus
motor-propelled vehicles and motor equipment and road-making mate-
rial to various services and departments of the Government, and for
the use of the States. Approved March IS, 1920.

(4) An Act making appropriations for fortifications, and other works
of defense, for the armament thereof, and for the procurement of
heavy ordnance for trial and service for the fiscal year ending June
30, 1922, and for other purposes.

The sole provision of this Act was that the War Department
transfer to the Department of Agriculture 1,250 tractors for
use on roads being constructed under Federal Aid. Approved
March 3, 1921.

(5) An Act making appropriations for the support of the Army for the
fiscal year ending June 30, 1922, and for other purposes.

This Act provided for the transfer from the War Depart-
ment to the Department of Agriculture for use on Federal Aid
Roads, 10,000 motor trucks and 2,000 passenger carrying auto-
mobiles. Approved June 30, 1921.

(6) An Act to amend the act entitled "An Act to provide that the United
States shall aid the States in the construction of rural post roads, and
for other purposes," approved July 11, 1916, as amended and sup-
plemented, and for other purposes. Approved November 9, 1921.

(7) An Act making appropriations for the Post Office Department for the
fiscal year ending June 30, 1923, and for other purposes. Approved
June 19, 1922.

(8) An Act making appropriations to supply deficiencies in certain ap-
propriations for the fiscal year ending June 30, 1923, and prior fiscal

years, to provide supplemental appropriations for the fiscal year end-
ing June 30, 1923, and for other purposes. Approved January 22, 1923.

(9) An Act making appropriations for the Department of Agriculture for
the fiscal year ending June 30, 1924, and for other purposes. Approved
February 26, 1923.
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(10) An Act to extend the provisions of certain laws to the Territory of

Hawaii. Approved March 10, 1924.

(11) An Act making appropriations for the Department of Agriculture

for the fiscal year ending June 30, 1925, and for other purposes.

Approved June 5, 1924.

(12) An Act authorizing annual appropriations for the maintenance of that

portion of Gallup-Durango Highway across the Navajo Indian Reser-
vation and providing reimbursement therefor. Approved June 7, 1924.

(13) An Act making appropriations for the Department of Agriculture for

the fiscal year ending June 30, 1926, and for other purposes. Approved
February 10, 1925.

(14) An Act to amend the act entitled, "An Act to provide that the United
States shall aid the States in the construction of rural post roads,

and for other purposes," approved July 11, 1916, as amended and
supplemented, and for other purposes. Approved February 12, 1925.

(15) An Act to authorize and direct the Secretary of War to- transfer
certain materials, machinery, and equipment to the Department of
Agriculture.

This Act provided for the transfer from the War Department
to the Department of Agriculture additional motor equipment con-

sisting of 100 five-ton caterpillar tractors complete with tools

and spare parts and 1000 motor trucks. Approved Alarch 4, 1925.

(16) An Act making appropriations to supply deficiencies in certain appro-
priations for tlie fiscal 3-ear ending June 30, 1925, and prior fiscal

years, to provide supplemental appropriations for the fiscal years ending

June 30, 1925, and June 30, 1926, and for other purposes. Approved
March 4, 1925.

In accordance with these Acts the Department of Agriculture, Bureau

of Public Roads, issued under date of July 5, 1922, General Memorandum
Xo. 13. (See page 632, Proceedings of 1924.)

The Secretary of Agriculture under date of July 22, 1922, issued a

Bulletin, "Rules and Regulations of the Secretary of Agriculture for

carrying out the Federal Highway Act (except the provisions thereof relative

to forest roads)."

This latter bulletin together with all the Federal Acts listed above is

issued as Aliscellancous Circular No. 60 by the Department of Agriculture

under date of November, 1925—price 5 cents.

In order that the Committee might be informed as to the legal status of

the Federal Aid Acts an inquiry was directed to the Legal Departments of

Railways. The matter was referred to the Western Conference of Railway

Counsel and their reply follows

:

"Three questions were submitted to the Committee, and we submit the

following report thereon

:

Question No. 1: Is there any provision in the Federal Act requiring

the states to apportion any part of the state quota of funds secured

from Federal Aid to grade separation projects?

There is no specific provision in the l-'cik-ral .Statutes to this effect

;

the law merely providing that particular projects be subject to the approval
of the Secretary of Agriculture. The Act of July 11, 1916 (39 Stat. L. 355;
Fed. Stat. Ann. 1918, Suppl. 639 ff), as amended bv the .\ct of Fcbruarv
28, 1919, (40 Stat. L. 1189; Fed. Stat. Ann. 1919, Suppl. 294). as further

amended by the Act of November 9, 1921, termed "Federal Highway .\ct"
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(42 Stat. L. 212; Fed. Stat. Ann. 1921, Suppl. 94), and as further amended
by the Act of June 19, 1922, termed "Postal Appropriation Act" (42 Stat.

L. 660; Fed. Stat. Ann. 1922, Suppl. 194), provides for the appropriation of

money for highway construction within the states. The amount tO' be ex-

pended under such appropriation is limited toi 50 per cent of the total esti-

mated cost of the project; and with the further limitation that the

amount so expended shall not exceed $15,000 per mile, exclusive of the cost

of bridges of more than twenty feet of clear span. "Bridges" as here used
includes railroad grade separations, whether by means of overhead or
underpass crossings.

Under these provisions the cost of highway grade separations may be
included within the cost of a given project, and 50 per cent of the cost of
such grade separation will be paid by the Federal Government to the States.

There is, however, no provision of the Federal Law or of regulations issued

by the Secretary of Agriculture thereunder requiring the money so appro-
priated by the Federal Government to be actually expended by the State
upon the particular project.

Question No. 2: Is there any provision of the Act which railway com-
panies can use to compel, through legal proceedings, the state to

apportion a part of the Federal Aid allotment to a particular

grade separation project?

There is no' such provision in any of the acts referred to. There being
no existing duty on the part of the states to apply any portion of the money
to a given project it necessarily follows that no procedure can be adopted
to compel the state sO' to do.

Question No. 3: Is there any provision of the Act that would prohibit

the state from allocating a part of its Federal Aid allotment to a

particular grade separation project?

There is no provision of the Federal Act prohibiting such allocation,

and in fact such allocation is made in many instances.

The paramount objection to the present laws and regulations is that the

state is not required to expend the money appropriated by the Federal

Government to any particular project. The result is that although the

project may cost the estimated amount, and thereby entitle the state to

the amount appropriated by the Federal Government, a portion of the

estimated cost may not be expended by the state at all, but may have been

obtained from railroad contributions toward grade separation projects. The
Secretary of Agriculture is empowered by the provisions of the Act to

make regulations for carrying out the terms of such acts. In pursuance

of such authority the Secretary of Agriculture did issue a regulation under

the 1916 Federal Aid Road Act, providing

:

"The estimated cost of eliminating a grade crossing shall not
include any amount the state, county or other civil subdivision has
received, is to receive, or is entitled to receive, directly or indirectly,

as reimbursement or payment from the owner of a public utility

for or on account of such elimination."

This regulation is not now in effect, having been eliminated from

the regulations in the subsequent revision thereof.

As stated by Thomas H. MacDonald, Chief of the Bureau of

Public Roads:

"The omission was for the purpose of encouraging the
elimination of railroad grade crossings and of permitting the
matching of Federal funds for that purpose with moneys re-

ceived from any source."
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It would appear, therefore, that the only practical way of obtain-

ing any relief from the present objectionable situation is to obtain

from the Secretary of Agriculture a regulation requiring moneys appro-

priated by the Federal Government to be actually expended upon the

project for which the estimate has been submitted by the state. If

this could be accomplished then all moneys so appropriated, which

according to the estimate, included a given amount for a grade separa-

tion project, would have to be spent for such project, leaving the

balance of the grade separation expense for apportionment between the

state and the Railway Company.
In the 1924 Proceedings, pages 634 to 649, are shown the provisions

of the laws of the several states and Canada as they appb' to public

crossings and more particularly to their application to the elimination

of grade crossings.

During the past year a re-canvass has been made bj^ inquiry

directed to the Public Service Commissions of the States and the

replies indicate that the changes in the Statutes are not such as to

warrant a restatement of them here. In this connection particular

inquiry was made:

(1) As to the practice of the State authorities in the apportion-

ment of Federal Aid funds to the various highway projects.

(a) Hard Surfacing.

(b) Grade Crossing Elimination.

(c) Grade Crossing Protection.

(2) How is the expense of a grade crossing elimination project

divided as between Federal Aid, the State, County, Township
and the Railway Company or companies interested ?

Replies are indicated below by States

:

Alabama
"The State Highway Department of Alabama at a conference with

the railroad officials representing railroads operating in the state of Alabama,
in 1924, formulated and adopted a policy of co-operation with the railroads

for the elimination of grade crossings on our trunk highway system, which
policy was concurred in and adopted by the representatives of the railroads,

and the Highway Department and the railroads have been operating under
this agreement ever since very satisfactorily and successfully.

"The agreement is to the effect that wherever p<^)ssible, the State High-
way Department will eliminate grade crossings by relocation in its con-
struction program, such relocations avoiding the crossing of tracks if pos-

sible, if not possible, seeking a point where the topography i>ermits a separ-

ation of grade crossings, eitlier by an overhead bridge or by an underpass

;

the Railroad Company participating with the State in the amount of fifty
(>er cent of the cost of the I'lidgc required to make sucli separation, whether
it be a highway bridge or a railroad bridge. This mutual cost covers only the

hridgeii'ork prof<er, that is to say, the abutments and on work between
abutments. Any (jradiuij that may be necessary to elevate or depress the

highways so as to go under the railroad or to raise the bridge over the

tracks is borne by the stale alone.

"Federal funds are used on Federal projects in connection with the

construction of overhead or under-grade structures in the same manner as

they are used on other work done by the State Highway Department, that

is to say, the Federal Government participates in the cost of zvork actually

done by the State."

A
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Arizona

No fixed policy has been adopted as to division of cost on grade
separation owing to the few instances of such projects. However, in some
pending agreements with railroads, it is proposed that the state shall bear
65 per cent and the railroad 35 per cent of the cost of the project grade
point to grade point in either an over or under grade crossing. This also

includes the railroad bridge in the case of a highway undercrossing. Federal
Aid funds are absorbed in the state funds.

Arkansas

No rules or regulations adopted concerning highway crossing design,

protection or elimination.

There is a stop law that every motor propelled vehicle shall stop at

such crossings in each county as are designated by the county judges.

California

Federal Aid funds are made a part of the State funds and no direct

allocation made to grade separation projects. However, due to the unap-
propriated public lands within the state. Federal Aid may be made to pay
for 60.05 per cent of a project that is joint with a railroad.

Colorado

No' fixed policy has been adopted in applying division of cost. Federal
Aid funds are absorbed in the State funds.

Connecticut

Federal Aid funds are absorbed in the State funds. By State statutes

grade crossing elimination costs are borne 25 per cent State and 75 per cent

by the railroad or railroads affected.

Delaware
No rule or policy as to division of cost of grade separation adopted.

Federal Aid funds are absorbed in the State funds. No particular assign-

ment to a given project.

Florida

Federal Aid funds are absorbed in the State funds. More grade
separation projects built without the application of any Federal Aid money
than those where any part of such funds are assigned. In the case of a

grade separation highway overcrossing the cost is divided equally for the

bridge over the railroad, including the abutments. In the case of an under
crossing the expense of excavating the existing embankment and the

structure carrying the railroad is divided 50 per cent to State, 50 per cent

to Railroad.

Georgia

No policy reported as to handling of Federal Aid or division of expense
in grade separation.

Idaho

Federal Aid funds are absorbed in the State funds. The division of
expense for grade separation is 50 per cent to the Railroad and 50 per cent

is taken up by the State and County.

Illinois

No rules adopted for apportioning expenditure for grade separation,

each case handled on its merits. Federal Aid funds absorbed in the State
funds.
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Indiana

By act of legislature expense of grade separation is divided 50 per cent

to State, 50 per cent to Railroad. Federal aid funds are absorbed into the

State funds. A county or township may appropriate funds to assist in any
given highway project, but all such assistance goes to the State.

Iowa
No consideration is given to Federal Aid funds by the State in their

negotiations with a railroad on a grade separation project.

No fixed policy adopted as to division of expense, each project deter-

mined by agreement. Most projects on basis of 50 per cent to State and
50 per cent to Railroad.

Kansas
Federal aid is allocated to individual grade crossing projects on the

basis of 50 per cent of cost, 25 per cent to County, 25 per cent to Railroad.

Kentucky
State law requires railroads to pay 50 per cent of the expense of that

part of a grade separation project lying within the right-of-way lines. The
State pays all of the expense for that part lying beyond these lines. Federal

Aid funds are absorbed in the State funds.

Louisiana

Federal Aid funds are regarded as State funds. Grade separation costs

are divided 50 per cent to the State and 50 per cent to the Railroad.

Maine
No grade crossing separation project has been included in the State's

Federal Aid road program. In accordance with an Act of 1917 the municipal
officers of a town or city may file with the Public Utilities Commission a
petition for grade separation. In such case, if approved, the expense is

divided 25 per cent to the State, 10 per cent to the Town, and 65 per cent to

the Railroad.

Massachusetts

The railroad laws of Massachusetts provide for the appointment of a

special commission in each case of grade crossing elimination work, whose
duties shall include the apportionment of the cost among the various parties

interested. The commission shall meet at once, and if it decides that the

security and convenience of the public require the alterations to be made,
it shall prescribe the manner and limits thereof, and shall determine which
of the parties shall do the work, or shall apportion the work between each
of the railroad corporations and the city or town. The railroad corpora-
tions shall pay 65 per cent of the total actual cost of the alterations includ-

ing the actual cost to any street railway company of changing its railway,

the cost of the hearing, the compensation of the commissioners, and auditors,

and all damages except as otherwise provided. The commission may, subject

to a right of appeal to the Superior Court by the street railway company
or by the commonwealth for a revision by a jury of the amount of such
assessment, assess upon any street railway company made a party to the

proceedings such percentage of the total cost not exceeding 15 per cent as

may, in the judgment of the commission, be just and equitable. The
remainder of the total cost shall l)e apportioned by the commission between
the commonwealth and the city or town in which the crossing is situated,

and in making the apportionment the commission shall take into account the
benefits to the city or town and its financial ability, and shall assess upon
the city or town such percentage of the total cost, not exceeding 10 per cent,

as may in its judgment be just, and in case less than 10 per cent of the total
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cost is assessed upon the city or town, the difference between the amounts
so assessed and 10 per cent shall be assessed upon the railroad corporations

in addition to the 65 per cent, or upon the commonwealth, or shall be appor-
tioned between the railroad corporations and the commonwealth. The com-
mission shall equitably apportion the 65 per cent and such additional sum
as may be assessed, to be paid by the railroad corporation between the

several railroads which may be parties to the proceedings. If the crossing
was established after June 21, 1890, no part of the cost shall be charged to

the commonwealth ; and such part as thus becomes unapportionable shall be
borne by the railroad corporation, the street railway company, if any, and the

city or town, in addition to the other amounts payable by them, in such
proportions as the commission shall determine.

Where a grade crossing is eliminated by agreement between the muni-
cipality and the railroad company, approved by the Department of Public
Utilities, the commonwealth pays 20 per cent of the cost and the apportion-

ment between the municipality and the company is a part of the agreement.

Maryland
The Public Service Commission is without jurisdiction over the high-

ways of the State, such authority being lodged in the County Commissioners.

Michigan

Federal Aid funds are considered as State money. Act 114 relating to

Highways and Bridges provides that the State or other political subdivision

will pay 50 per cent of the cost and the Railroad 50 per cent.

Minnesota

No Federal Aid has been applied to grade separation projects. No
fixed policy as to division of expense as between the State and the railroads.

Certain grade crossings considered dangerous may be designated as "Stop
Crossings," and have a sign marked "Stop." The law provides as follows

:

"Section 6. Whenever any vehicle carrying school children, explosives

or inflammable liquids, or passengers for hire, or any trucks or any vehicle

having in tow any other vehicle or equipment, or any vehicle of the tractor

or caterpillar type, approaches any grade crossing it shall be the duty of the
driver thereof to bring the same to a complete stop before reaching the

railroad track and before crossing said track to ascertain when such cross-

ing can be made in safety."

Mississippi

Grade separation projects have been paid for by Federal Aid 50 per
cent and Railroad 50 per cent; no State funds having been expended for

such purposes.

Missouri

Federal Aid funds are absorbed in the State funds and very few grade
separation projects have had any Federal Aid money applied to them.
Division of expense in grade separation projects is determined by agree-
ment.

Montana
Due to the unappropriated public land in the State 56 per cent of

Federal Aid is available for grade separation projects. Such work as has
been done in the State the railroads have borne 44 per cent. It is admitted
that it is only fair and equitable that the State or county should assume a

part of the 44 per cent, and in some instances this has been done, one-half
of the 44 per cent being borne by the State or county.
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Nebraska

No provision in the state laws relating to the division of expense for a

grade separation, but frequently the expense is divided 50 per cent to the

Railroad, 25 per cent to the State, 25 per cent Federal Aid.

Nevada
The unappropriated public lands is about 87 per cent of the state area,

and Federal Aid absorbes about 75 per cent of the cost of all Federal

Aid highway expense. Grade crossing expense is apportioned by the Public

Service Commission, same having decided in a liearing being brought
against the Santa Fe that the railroad should assume SSy^ per cent ot the

cost, this being considered by the Commission as fair and equitable.

New Hampshire
Only one grade separation has been effected at joint expense; here the

Railroad paid SSy^ per cent. Federal Aid and the State taking 66% per cent.

New Jersey

While the law of March 12, 1913, requires the railroads to bear the

total expense of grade separation, there have been a number of instances

when counties, municipalities, and the State have assumed a portion of the

expense of elimination, the railroad building the bridge structure, and the

public bearing the cost of the approaches.
Federal Aid is not applied on grade separation projects.

New Mexico
No state laws with reference to grade separation, but due to the

unappropriated public lands. Federal Aid takes 63.43 per cent of the cost,

the states applies this and the railroad pays the balance.

New York
Under a law passed in 1926, the state has a $300,000,000 bond issue for

the purpose of grade separation of steam and electric railroads. It is speci-

fied that 50 per cent of the expense shall be borne by the railroads, 25 per
cent by the state, 25 per cent by the town, city or village within which the
crossing is located.

No consideration is given in these provisions to Federal Aid funds.

North Carolina

Federal Aid funds are regarded as state funds. The expense of grade
separation is divided 50 per cent to the state, 50 per cent to the railroad.

There is a Stop Law requiring motor vehicles to stop not less than 50 feet

from the nearest rail.

South Dakota
Division of expense on any given grade separation project determined

by Railroad Commission, usually 50 per cent to the railroad, and 50 per cent

to the state. Federal Aid funds being thrown into the state funds.

Ohio
No Federal Aid funds have been used on highway crossings. No fixed

policy adopted as to division of expense for grade separation.

Oklahoma
Federal Aid funds not applied to grade separation projects. The

usual division of expense being that the .State bears all expense for improve-
ments off the railroad right-of-way and 50 per cent of those on the right-of-
way. The railroad takes 50 per cent of the cost of improvements on the
right-of-way. In 1925 the state legislature passed an act requiring any
motor driven vehicle to come to a complete stop before crossing any steam
or electric railway track.
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Oregon
Section 4811, laws of 1917, provides: "The Commission shall have the

exclusive power .... to require .... a separation of grades at

any such crossings .... and to prescribe the terms upon which such

separation shall be made and the proportions in which the expense of altera-

tion or abolition of such crossings or the separation of such grades shall be

divided between the railroad or street railroad or street railroad corporations

affected, or between such corpOTations and the state, county, municipality

or other public authority in interest."

Pennsylvania

Federal Aid funds are given no consideration in apportioning the cost

of grade separation. The division of cost is determined by the Public

Service Commission, and in general it has been SO per cent by the railroads,

25 per cent by the county, and 25 per cent by the state.

Rhode Island

Two grade separations have been effected since 1903. Both of these

were Federal Aid projects, the expense divided 50 per cent Federal Aid,

25 per cent state, and 25 per cent railroads.

South Carolina

Act 634 of March, 1924, was passed to establish a uniform basis for

elimination of grade crossings. It provides that for a highway overcross-

ing the railroad shall pay 50 per cent of the cost, including the approaches

for a distance not exceeding 150 feet on either side of the railroad, and
the state shall pay the remaining SO per cent. For a highway under-

crossing the state shall pay 50 per cent of the cost to cut through the rail-

road fill, and of the cost of the bridge carrying the railroad, including the

foundations and piers or abutments for such bridge, but the cost of the

approaches to such underpass shall be paid by the state. Drainage costs

shall be borne by the state. Federal aid is absorbed in the state funds.

South Dakota
Federal Aid funds are not used in crossing eliminations. The law of

1919 provides in general that, the cost of grade separation upon the rail-

road right-of-way shall be borne by the railroad, and the approaches by the

state. Additional right-of-way, if required, shall be paid for by the state.

Tennessee

Under an Act passed and approved April 9, 1921, the State Highway
Commission shall have the power to eliminate grade crossings of any rail-

road or interurban railway track on any of the main traveled roads now or

hereafter designated by the State Highway Commission as included in the

general highway plan of the state. The Act provides that the expense
incurred by the railroad for surveys and plans for a grade separation project

shall be paid one-half by the state and in case a crossing separation is

ordered and subsequently revoked the state shall reimburse the railroad for

all expense incurred for surveys and preparation of plans.

It is further provided that the total cost of a grade crossing separa-

tion shall be borne 50 per cent by the railroad and 50 per cent out of
the public fimds as a part of the cost of the highway of which the crossing

is a part ; this provision to apply only to- crossings already in existence or
hereafter made or proposed over railroad tracks in existence at the date

oi the order, for elimination thereof, and shall not apply to any crossing of

any highway by any railroad not in existence at the date of the designation of

such highway a part of the State System. There is also a provision for

the division of cost of maintenance, the railroad to maintain that part

on its right-of-way, except the surface of the highway which the Highway
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Commission shall maintain, a plank floor of an overgrade crossing being

excepted as being a part of the bridge.

Texas
The apportionment of Federal Aid to grade separation projects is not

uniform. In some instances there is allotted 50 per cent Federal Aid, 25

per cent state, 25 per cent county. Others 50 per cent Federal Aid, 25

per cent state, 25 per cent railroad. Still others 50 per cent state, 50 per

cent railroad.

Utah
A definite policy of apportioning grade separation expense has not

been adopted. The division of expense may be determined by the Public

Utilities Commission and in a number of instances have been done so on the

basis of Federal Aid 35 per cent, county 15 per cent, railroad 50 per cent.

Vermont
Federal Aid funds are taken into the general state fund. Grade elimi-

nation may be ordered by the Public Service Commission, the state paying

35 per cent of the cost, the railroad 65 per cent.

Virginia

Federal Aid funds are absorbed in the state funds. County boards, or

city or town authorities, may petition a railroad company for the separation

of grades. If the work is not started in 60 days, they may appeal to the

State Corporation Commission, which after hearing will make a decision

and in case of disagreement may prescribe the character of the work.

That part of Section 3974 of the 1919 Code, relating to the distribution

of expense, provides as follows

:

"When such improvement is to be made in any railroad it shall be

made by the corporation operating the same, and the whole expense thereof

shall be paid by such corporation. When it is to be made in a county road,

street or other highway, it shall be made by the corporation whose track is

to be crossed and the expense shall be borne equally by said corporation and

by the county, city or towTi having control of such county road, street

or other highway. Provided that whenever an existing crossing of a high-

way by a railroad or of a railroad by a highway, at grade,
_
constructed

since June 13, 1904, or hereafter constructed becomes, in the opinion of the

board of supervisors of any county or the proper authorities of a city or

town, a menace to the public safety, or the elimination of such crossing

becomes necessary for the improvement of the highway, and the costs

thereof, and by whom and in what proportion paid cannot be agreed on,

the same shall be fixed and determined by the State Corporation Com-
mission in conformity with the principles of law and equity.

"After said crossing has been constructed, the corporation whose track

or work is crossed shall maintain the same."

In 1922 a law was passed requiring all vehicles to come to a full stop

at grade crossings of main line railroads not nearer than ten feet and

not further than 50 feet from the track.

Washington
Federal Aid funds are absorbed in the state funds. In grade crossing

elimination the state may assume not more than 10 per cent of the cost,

the railroad paying the balance. Municipal authorities have jurisdiction

within city limits.

West Virginia

Federal Aid funds are made a part of the state funds. For a grade
separation project the state shall bear 50 per cent of the cost, including

that for preparing plans, specifications, estimates and securing bids ; the

railroad shall pay the remaining 50 per cent.
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Wisconsin
Federal Aid funds are absorbed in the state funds. The division of

expense for grade crossing elimination on a road to be improved is on the

following basis : First the cost of improving the present road is determined,

then the excess cost of the grade separation over the improvement of exist-

ing road is apportioned 60 per cent to the state, and 40 per cent to the

railroad.

Wyoming
Federal Aid funds are absorbed in the state funds. Expenditures for

grade separation are divided 50 per cent to the state and 50 per cent to

the railroad.

Canada
The Railway Act of Canada in 1919 provided that the Board of Rail-

way Commissioners should have jurisdiction over railways and their relations

with public highways. No change is reported to have been made in the

provisions of the law as quoted on page 649 of the 1924 Proceedings.

(b) The Proper Form and Character of Division of Costs of Separa-

tion of Grades as Between the Railway and the State, County,

Municipal or Other Corporation

To eliminate the 250,000 grade crossings in the United States, not

including those of Canada, has been estimated to cost $12,000,000,000, or

somewhere between 50 to 75 per cent of the total value of the railroads

affected. The cost, therefore, at once becomes prohibitive if the burden

of the expense is to be thrown upon the carriers. It is, therefore, self-

evident that the public must contribute a substantial proportion of the costs

of grade separation if any marked progress is to be made in the immediate

reduction of the number of grade crossings.

From the resume presented in Section (a), of this report it appears

that the present tendency oi the state authorities is to assess 50 per cent

of the expense of grade separation against the railroads. It is the belief

of this Committee that this ratio is too high, and the total cost to the rail-

roads too great for their capacity to pay. We believe that an assessment of

a smaller ratio against the railroads and a corresponding increase in the

proportion assumed by the public is reasonable and fair to all parties at

interest when the benefits arising from such separation are considered in

their true relation to the owners of the railroad and the users of the

highways.

When a state avails itself of Federal Aid funds all grade separation

projects should be made Federal Aid projects and be apportioned the full

lawful allowance from such funds, then the state, county, or other local

communities assume the balance of the cost in common with the railroad.

Such a division of cost would permit and encourage the railroads tO' under-

take the elimination of a much greater number of grade crossings than

is or can be possible on a fifty-fifty basis. The Federal government can

have had but one object in specifically authorizing the extension of Federal Aid

to grade separation projects—the encouragement of such projects by lighten-

ing the financial burden on all parties involved, the railroad as well as the
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state or county. Incorporating Federal Aid money in a general fund and

refusing to apportion any part of it to separation work can only work to

defeat this object and discourage grade separation.

A number of the states insist upon the railroad assuming the total

cost of all improvements within the right-of-way limits for a grade cross-

ing elimination, whether it be highway overhead, or highway undergrade

structure. This is manifestly an uneven and unfair distribution of the

expense since in all but exceptional cases the principal improvement rests

within the railroad right-of-way limits.

The Department of Agriculture, through the Bureau of Public Roads,

allots and administers on the part of the Federal government the Federal

Aid funds made available to the several states, but at the present time docs

not exercise any jurisdiction over the apportionment of these funds to any

Federal Aid project within the state.

The conclusion of the Committee is that the question of Federal Aid

with reference to grade separation is at present in such shape that the state

authorities can so handle the matter as to entirely eliminate the railroads

from any participation in the benefits of its use and that this situation can

be remedied only by legislation or possibly by changes in the regulations

promulgated by the Federal authorities governing this matter.

It is apparent that by the use of Federal Aid to reduce the cost to

the railroads of grade crossing elimination the progress of such elimination

will be greatly stimulated, inasmuch as one of the greatest handicaps to

such work is the enormous aggregate expense to the railroads.

It is recommended that the membership of this Association as individuals

and as employees of the railroads use every means at their command to

secure changes in the Federal laws and the regulations of the Bureau of

Public Roads so that Federal Aid will be extended to all grade elimination

projects located on any system of Federal Aid highways and the remaining

expense be divided equitably between the railroads and the state, county,

or local authorities having jurisdiction over such work.
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To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

(1) Revision of Manual (Appendix A).

(2) The extent to which it is practicable to stabilize employment in

the Maintenance of Way Department in the interest of efficiency, and the

necessary measures to accomplish it (Appendix B).

(3) Economy in the use of labor-saving devices (Appendix C).

(4) Methods of maintaining motor cars (Appendix D).

(a) Rules for care and operation of motor cars.

(b) Standardization of motor car parts.

(5) Equating track values for labor distribution.

Action Recommended

(1) That the change in the Manual in Appendix A be approved and

the revised version substituted for the present recommendation in the Manual.

(2) That the conclusions in Appendix B, relating to stabilization of

employment in the Maintenance of Way Department, be approved for publi-

cation in the Manual.

(3) That the report in Appendix C, relating to economy in the use

of labor-saving devices, be accepted as a progress report.

(4) That the following rules in Appendix D, relating to methods of

maintaining motor cars, be approved for publication in the Manual

:

(a) Rules for the operation of motor, hand, velocipede, and

push cars. (These are revisions of rules now in the Manual).

(b) Rules for the care of motor cars. (New.)

(5) No action is desired on the subject of equating track values for

labor distribution. Committee reports progress.

Bulletin 292, December, 1926.
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Recommendations for Future Work

(1) Revision of the Manual.

(2) Continue the study of Stabilization of Employment in the Main-

tenance of Way Department.

(3) Continue the study of Economy in the Use of Labor-saving

devices.

(4) Continue the study of Standardization of Motor Cars and Parts.

(5) Continue the study of Equating Track Values for Labor Distri-

bution.

(6) Outline of work for ensuing year.

Respectfully submitted,

The Committee on Economics of Railway Labor,

C. C. Cook, Chairman.

Appendix A

(1) REVISION OF MANUAL

A. N. Reece, Chairman, Sub-Committee.

Present Form. Proposed Form

Subject matter in Supplement to Proposed to change the last word
Manual, 1921, Bulletin 250, page 56, "maintenance" tO' "subjects" and add
under the heading, "Training and the words "membership in railway
educating employees (other than clubs and associations."

Engineers) in the Maintenance of The revised paragraph 4 will then

Way Department, looking to greater read

:

economy and efficiency as well as

promotion." Paragraph 4 reads as "Employees should be encouraged
follows

:

to seek further education from out-

"Employees should be encouraged side sources on general principles of

to seek further education from out- railway operation, such as through
side sources on general principles of correspondence, night schools, peri-

railway operation, such as through odicals on railway subjects and
correspondence, night schools and membership in railway clubs and
periodicals on railway maintenance." associations."
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Appendix B

(2) EXTENT TO WHICH IT IS PRACTICABLE TO
STABILIZE EMPLOYMENT IN THE MAINTENANCE OF
WAY DEPARTMENT IN THE INTEREST OF EFFI-
CIENCY, AND THE NECESSARY MEASURES THERETO

Lem Adams, Chairman, Sub-Committee; A. S. Butterworth, H. A.

Cassil, J. A. Heaman, E. T. Howson, C. E. Johnston, W. A.

Murray, H. A. Roberts, J. M. Sills, H. M. Stout, Cale Wamsley.

This subject was first assigned to this Committee in 1924, and in a

report at the last annual convention (Proceedings of American Railway

Engineering Association, Vol. 27, page 1010), the subject was divided into

three sub-divisions, as follows

:

(1) The equalization of expenses.

(2) The determination of the extent to which the maintenance of

uniform forces is justified.

(3) The effect of stabilization of employment on uniform pur-

chases of materials and on their costs.

SUB-DIVISION NO. 1—THE EQUALIZATION OF EXPENSES

In its report a year ago, this Committee presented the results of its

investigation of the first subject, the equalization of expenses, from which

we draw the following

Conclusion

The equalization of expenses permits work to be done at the most

economical time, seasonal and traffic conditions considered. It also prevents

the distortion of operating ratios, while by its application more uniform

forces may be employed in maintenance of way work, thereby tending to-

ward stabilization of forces.

SUB-DIVISION NO. 2—THE DETERMINATION OF THE EXTENT
TO WHICH THE MAINTENANCE OF UNIFORM FORCES IS

JUSTIFIED

The Committee has been studying this subject during the current year

and has accumulated a large amount of data taken directly from labor

payrolls in respect to the influence of fluctuating labor requirements, due

to so-called seasonal work.

An analysis of reports from individual sections on nine railroads repre-

senting practically every part of the United States .shows that for an

average yearly employment of forty-eight men on ten sections for a three-

year period, 423 men were actually in service, or a ratio of nine men to

one actually required. An average of 54 men were employed for the eight

months, March to October, inclusive, whereas 356 men were hired to supply
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this number, or a ratio of seven to one. For the other four months,

namely, November, December, January and February, an average of Zl

men was required with 196 men actually employed for the service, giving

a ratio of 5.5 to 1.

While we realize that some of the men were used for the purpose of

filling emergency requirements to handle heavy work, yet it is our opinion

that the excessive turnover would be greatly reduced if a comparatively

uniform force were employed throughout the year. As proof of this con-

tention we note that in almost every instance in examinations of the pay-

rolls which we have studied, men comprising the minimum force remained

in service throughout the period.

As a result of its study the Committee submits a list of the items of

work that it recommends can be performed economically during the winter

:

Accounts Affected by Work That Can Be Economically Done in

Winter Months

Account No.
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In submitting this reccmmended list of maintenance of way items for

winter employment, we offer the following reasons therefor:

Account No. 202—Roadway Maintenance

Under tliis account, such items as follow could be performed during

the winter in cold climate

:

Scaling bluffs and removing dangerous rocks and trees ; cut-

ting brush ; bank protection and riprapping.

The economy in doing this class of work in winter is largely due to

less vegetation to contend with, and the places requiring attention are

readily found. Therefore, correction is made before serious damage takes

place.

Account No. 206—Tunnels and Subways

Winter is the ideal time for all kinds of tunnel work, as the interior

is always protected from wind and snow and is usually warmer than the

outside atmosphere.

Account No. 208

—

Bridges, Trestles and Culverts

There is a great deal of ordinary maintenance that may be done on

bridges and trestles during the winter, except where there is interference

by heavy fall of snow, particularly such items as renewal of decks, align-

ing, surfacing and tightening bolts.

Account No. 214—Rails

Rail renewals is the most important item for winter work, and we
think that there are very few places in the United States where rail cannot

be relayed economically in winter. Men work with more vigor than during

the summer, thus securing a higher performance per man-day. Section

gangs are not employed on a lot of other work at this season and they

can be bunched for rail handling. Additional men, if needed, can readily

be obtained.

Account No. 216—Other Track Material

This item usually goes along with the relaying of rail with the excep-

tion of repairs to frogs and switches, applying rail anchors and tie plates

outside of regular rail renewal jobs.

Account No. 220—Track Laying and Surfacing

This account, of course, includes the applying of rail and other track

material. However, in addition to this work, we have such items as adzing

in and gaging rail ; tightening bolts and driving down spikes, that should

be done in winter and are often postponed with the result that they are

put off too long. Ties should be distributed during the winter months in

order that they may be on the ground where needed when renewals start

in the spring.

Account No. 221—Right-of-Way Fences

In locations where the snow is not too deep, right-of-way fences may
be repaired during the winter. When vegetation is at a minimum there
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is less interference in stretching wire, repairing gates, etc. However, under

extreme frost conditions, we do not think the setting of posts would be

economical.

Accounts Nos. 227, 229, 231, 233, 235, 237, 239, 253, 255 and 265

Inside repairs and painting can be done more economically in winter

than in any other season. There is a surplus of mechanics available for

this work in winter when outside industries are not carrying on construction

and when construction work is at a minimum. The weather does not

interfere with the performance and the surplus of labor is an incentive to

men then employed to endeavor tO' hold their jobs by more efficient and

harder work.

Account No. 247—Telegraph and Telephone Lines

The winter is a good time for clearing away brush from around poles

and cutting limbs of trees out of the wire line.

Account No, 269—Roadway Machines

Roadway machines that have been in general hard service during tlie

summer months ordinarily need a general overhauling in order that they

may be in first-class condition for heavy duty when the season for outside

work opens. This, of course, does not apply in warmer climates where

roadway machines are in use the year around, and are particularly busy

in normal winter months.

By concentration upon such items as herein outlined, we should find

ample work to keep most of the normal maintenance of way forces

economically employed in winter, and thus prevent the necessity for large

force increases during the summer. With reasonable assurance of steady

employment our forces would ordinarily be up to allowance and labor

turnover negligible.

Conclusion

In consideration of the ultimate economy of building a strong per-

sonnel of labor forces and the immediate economy of holding experienced

men in maintenance of way service, as much work as is economically

possible should be done in the winter, thus stabilizing forces.

SUBDIVISION NO. 3—THE EFFECT OF STABILIZATION OF
EMPLOYMENT ON UNIFORM PURCHASES OF MATERIALS
AND ON THEIR COSTS

In its report a year ago, this Committee also reported on this subject,

drawing the following

Conclusion

Minimum cost is secured through uniform production; reductions in

manufacturing costs are directly reflected in prices charged the railroads;

stabilization, of forces with the resulting increase in the uniformity of use

of materials will lead to savings in the cost of materials over and above

the savings effected directly through the increased efficiency of the forces.
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Appendix C

(3) ECONOMY IN USE OF LABOR-SAVING DEVICES

G. M. O'Rourke, aiairman, Sub-Committee; A. S. Butterworth, H. M.

Church, J. F. Donovan, John Evans, J. D. Keiley, J. B. Mabile, W. A.

Murray, J. C. Patterson, H. M. Stout.

In order to overcome the effect of inefficient and, in most cases, inex-

perienced labor, various labor-saving devices have become a necessity.

Study and experiment has resulted in the adoption of numerous machines

to reduce labor cost, with the result that there are machines designed to

assist in the performance of almost all maintenance operations. Such

machines in numerous cases are accepted as labor-savers without knowledge

of the actual saving realized, and possibly in some instances whether or

not there is any.

The Committee is impressed with the scope of the field of study;

also that the subject assigned has been covered to some extent by the

various committees in the past and submits this as a progress report only.

Realizing that there is so little new material on which to report on labor-

saving devices, the Committee has decided to concentrate its efforts on a

single item of maintenance work—ballasting. The report is to include all

sub-divisions of ballast work, the distributing, cleaning, tamping and dress-

ing. An exception to this limitation of the work was made in the -case of

the track liner. Inasmuch as there are many of these tools now being

offered, it was thought desirable to report on the economies arising from

their use.

BALLAST CARS, UNLOADING AND DISTRIBUTING

There are two general classes of cars used in ballasting, revenue open-

top equipment and specially designed ballast cars.

Cars specially built for ballast service are of many different makes;

they may be divided into three general classes: side distributing, center

distributing, and combined.

A common type of side distributing car is the level floored gondola,

the sides of which are hinged and swing out. The usual method of un-

loading is to pull a plow through the car.

A good example of another convertible ballast car adapted to all

classes of ballast work is the type which can be used as a center dump
ballast car, or may be converted into a level floored gondola with hinged

sides, to be unloaded with a plow. A new type of this car has been

designed with a narrow floor with recessed slopes along the side that

meets the lower edge of the swinging side door. It has been found that

with this design the larger rocks and boulders drop down and ou

very easily and do not get jammed as on the old type car. This reduces

side thrust strain and damage. It cuts repair bills and reduces long loss

of time on the repair track. Cars of this type may be used for revenue

service.

I
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Out of twelve carriers replying to questionnaire, six roads were using

specially designed ballast cars with side and center dump feature, three

with side dump only, and three were using open-top revenue equipment.

Under ordinary conditions the size of crew to unload ballast, as given

in the A.R.E.A. Proceedings of 1922, was two men and one foreman to

unload from special ballast cars. In the case of self-clearing cars the

foreman releases the pockets and the two men apply the tie drag and shoes.

In the case of the 100,000-lb. hopper cars, and drop-bottom gondolas, eight

men and one foreman are required. The foreman and four men stay on

the ground and place tie and shoes and jar the ballast down; the other four

men stay on the cars and shovel the ballast down.

The ballast is leveled either by a spreader or by a tie drag placed ahead

of a truck. Often shoes are placed behind it on which the wheels mount

and slide shoe and tie along the rail, plowing the ballast off to the level

of top of rail.

The increased speed and ease of handling ballast with specially designed

ballast cars is an important factor in the final cost.

From time studies shown in A.R.E.A. Proceedings of 1922 the cost

of unloading ballast for one mile of double track varied greatly with the

type of ballast car used. For special ballast cars, Zl payroll hours ; for

100,000-lb. hoppers, 63 payroll hours; and for 100,000-lb. gondolas, 335

payroll hours were used.

Cleaning Ballast

With the price of rock ballast from $0.80 to $1.00 per ton, any

efficient method of cleaning ballast will always be an important item

in labor-saving discussions.

There are four major operations in cleaning ballast, skeletonizing

the track to the base of ties, removing the dirt from the ballast, replac-

ing the ballast, and disposing of the waste.

In order to clean the ballast by any method, the cribs must first

be dug out to the base of ties and the shoulders cleaned off down to

the sub-ballast, if any, or to the subgrade.

Under the ordinary method the ballast is cleaned by shaking on
forks and thrown directly back into the track. By this method (tests

June, 1923) one man can clean about three rail lengths per eight hour

day with an average of 13 per cent dirt retained under wet conditions,

and 6 per cent under dry conditions. The per cent of ballast lost with

the waste varied from 5 per cent to 30 per cent, with an average of

17 per cent.

Several machines for removing the ballast from the cribs have

been put in use, but the most notable of these is a power skeletonizer.

It is a self-propelled machine weighing 9,000 lb. with two pairs of

wheels set transversely to the track for setting oiif. The machine has

four hoes, two of which work inside the rails and two outside. The
outside hoes start first and as soon as they have cleared a space the

operator starts the inside hoes which gather the material at a point
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where the outside hoes can reach it. The machine cleans the full

length of the crib and piles it not closer than four inches from the

end of ties. The machine will work to any desired depth down to

several inches below the base of ties.

Another method of cleaning ballast is with the locomotive crane,

with which there are several specially designed ballast digging buckets

available for ballast cleaning operations. They are designed so that

they will dig close to the ends of the ties and to a uniform depth of

one foot. The cost on an Eastern railroad for cleaning rock ballast

per mile with such buckets and screens on cars varied from $656.00

to $1,617.00, the difference in cost being due to train delays. This

cost includes all repairs, lubricants and coal. To clean the same amount

by hand cost $1,287.00 per mile when labor was paid 16c per hour, or

$3,219.00 at current rates. These figures would indicate a saving of

approximately 300 per cent.

A new machine now being tried by an Eastern road for cleaning ballast

between the ends of ties on multiple track is said to clean to a depth of

16 inches with tracks at 13-ft. centers at a rate of 1200 linear ft. per 8-

hour day. When the ballast is very wet or caked with mud, the speed of

the machine is cut down to allow more thorough cleaning. The machine

is guided by angle-irons laid parallel to the rails and is moved by cogs

running in notches in these angle-irons. The power is supplied by a four-

cylinder 15 HP. motor of special design. The ballast is loosened by two
eccentric inclined discs and carried back to the screen on an endless belt.

The dirt passes through the screen onto another endless belt and into boxes

which must be carried out and dumped as they become filled. The clean

ballast goes directly back to the track. The machine clears all trains, but

has to be placed and removed by a crane because of its excessive weight.

A crew of six men and a foreman is needed for the operation of this

machine. Four men are needed to empty the dirt boxes and two men to

move the angle-irons ahead and level off the ballast behind the machine.

This machine under ordinary conditions cleaned ballast at a cost of 6c per

linear foot of center ditch.

The vacuum ballast cleaner now in use on a large Eastern railroad

is described fully on page 102, A.R.E.A. Proceedings of 1924. It consists

mainly of a 250 HP. steam turbine connected to a rotor which exhausts

air from an expansion chamber and creates a partial vacuum. Three

telescoping 8-inch pipes operate between and outside of the rails and draw
the ballast into the chamber where the dirt is removed by vacuum. The
dirt is held in a temporary detention chamber and the ballast is returned

to the track through a discharge valve. It is said to clean one mile of track

in a ten-hour day.

Another machine though still in the experimental stage is a steam-

driven track sweeper. The sweeper consists of a steam engine mounted

on a flat car with a suitable cab at one end, a rotary steel broom revolving

at a speed of about 100 R.P.M. and two belt-conveyors, one of which

catches the sweepings from the broom and elevates them to a second con-
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veyor which carries them into a gondola placed immediately ahead of the

sweeper. Up to the present time this sweeper is superior to any other

mechanical device for doing the same character of work. It is also used

for cleaning snow from switches and picking up spilled coal from the

tracks. This machine greatly reduces injury hazard, as all of the men work
on the car and are not liable to be struck by passing trains.

Tie Tamping

The cost each year of surfacing out-of-face track has been one of

the heavy drains on the annual budget. It may safely be assumed, then,

that any device that will lessen the amount of labor consumed or will turn

out as a finished product a more uniform and better tamped track, can

be classed as a real economy tO' any railroad that faces a heavy surfacing

program.

As is shown on page 1048, Vol. 27, Proceedings of 1926, out of twenty

railroads replying to questionnaire, eleven reported an average saving of

2)7 per cent per mile or 12 per cent of the initial cost of the machine by

the use of mechanical tampers and the other nine reported no tabulated

saving but a much better and more uniformly tamped track.

Replies received during the current year indicate a saving per foot of

track of $.041 or ZZ per cent of the actual cost and a much better tamped

track, by the use of mechanical tampers. From statistics compiled by

twelve railroads it is found that three roads are now fully equipped with

mechanical tampers and the other nine were increasing the number in use

each year.

The cost, description and methods of operation of both the electric and

pneumatic tampers as well as the most economical size of gang has been

discussed on page 1041, Proceedings of 1926. A crew of seven men was

recommended for a four tool tamper and 18 tO' 20 men for a twelve tool

outfit.

A new power ballaster, put on the market, is making a bid for recogni-

tion as a labor-saver. In consists of a self-propelled motor car carrying

a, five-piece hammer weighing 2,000 lb. that delivers a blow the full length

of the tie and is said to tamp the ballast uniformly between and beneath

the ties and leaving very little settlement even after high raise. Tests were

made with one of these machines on a large Western railroad during the

summer of 1925, and with such satisfactory results that three machines

were purchased for 1926 trials.

A patented track raiser and shifter that consists of a steel framed car

on which is mounted a 40 HP. gas motor for propelling the machine and

operating a powerful worm-driven spud which supplies the lifting action

has been placed on the market. It is easily operated by one man and

exerts a lifting force of 50,000 lb. It is said to reduce a track crew from

sixteen to six men by eliminating the expensive jack gang. While no

actual cost data has yet been received, it is said in some instances to have

paid for itself out of two months' savings.
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Dressing Ballast

The object of dressing ballast is to remove the excess ballast from

between the rails, build standard shoulders and dress the ballast in the

center ditch, to give the standard ballast section.

One foreman and nine men make a well-bala:iced gang for this work,

two men leveling berm, two men building stone line, two men forking

ballast from between the rails, two men dressing shoulders and one man

dressing the center ditch. Proper distribution of ballast by work train

is essential to economical results. Cost per mile of dressing track by hand

was given in A.R.E.A. Proceedings of 1922 as 1468 payroll hours for

double track and 1225 payroll hours for single track.

It has been found economical on single-track work in cinder or gravel

ballast to use a machine such as a spreader to dress the ballast.

Track Liners

A number' of track liners are now being offered in an effort to

increase the efficiency and speed of track forces in performing this mainte-

nance operation over the old method of lining with the common lining bar.

The results of a test carried on under the supervision of the engineer-

ing corps of a large Eastern railroad show a marked saving over the old

method and correspondingly smoother track.

Three liners each, of nine makes, were used on these tests on 100 feet

of main line track carrying 100-lb. rail and in rock ballast. The test

comprised throwing the track out of line one inch and back again with the

minimum disturbance in surface. The time consumed varied from 13

minutes to 40 minutes with five men and three liners. It required eleven

men using common lining bars to perform the same operation.

Replies received from fourteen railroads during the current year indi-

cate a saving from 20 per cent to 66 per cent with an average of 49.3

per cent. A careful analysis of the replies indicates that most of the saving

is realized by the use of smaller crews to line the same amount of track.

The average number of liners to a small gang was given as three and to

a large gang as five. The average for all gangs was one liner to 2.8 men.

The extra men assist in setting the liners and then do other work. Eight

different makes of liners were used and all were recommended as econom-

ical. The only disadvantage listed was that care must be taken in setting

in order not to disturb the surface of the track.

Conclusions

1. The economy in the use of special equipment ballast cars, ballast

cleaning devices, ballast shoulder shaping devices, tie tampers and track

liners has been demonstrated and their use recommended.

2. It is the recommendation of the Committee that investigations along

these lines be continued, a small number of labor-saving devices being

selected for detailed study each year.
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Appendix D

(4) METHODS OF MAINTAINING MOTOR CARS

(a) Rules for Care and Operation of Motor Cars

(b) Standardization of Motor Car Parts

F. M. Thomson, Chairman, Sub-Committee ; Hadley Baldwin, H. A. Cassil,

John Evans, J. A. Heaman, D. E. Helvern, Col. F. G. Jonah, J. D.

Keiley, J. W. Kern, Jr., J. B. Mabile, A. N. Reece, F. S. Schwinn,

Cale Wamsley, B, A. Wood.

Your Committee's report for 1925 on Methods of Maintaining Motor

Cars was received and accepted by the Association, and the assignment was

continued with the added subjects (a) Rules for Care and Operation of

Alotor Cars; (b) Standardization of Motor Car Parts.

RULES FOR CARE AND OPERATION OF MOTOR CARS

The Committee has re-drafted and revised the rules in the Manual

for the Operation of Motor, Hand, Velocipede and Push Cars, and also

has drafted 12 new rules for the Care of Motor Cars. These revisions

and new rules were presented to Committee XII—Rules and Organization,

and their approval secured.

(Note.—For convenience, both the numbers as given in the 1921 Manual

and in Bulletin 279 of September, 1925, are written before each rule.)

Rules for the Operation of Motor, Hand, Velocipede and Push Cars

78-260. O.K. as it stands.

New Rule. Cars must not be operated when known to be in unsafe condition.

79-261. Insert the words "and authorized" immediately following the

word "qualified."

Amended rule to read, "No one except a responsible employee who'
has been qualified and authorized will be allowed to operate

motor, hand or velocipede cars upon the main track."

80-262. O.K.
81-263. O.K.
82-26'4. Re-word the last sentence to read as follows : "The use of seats

not securely affixed tO' cars is prohibited."

83-265. Revise rule to read as follows : "Tools and material must be

properly placed on cars to- prevent their falling off. Track jacks

must not be carried on front end of car."

84-266. Eliminate entirely.

85-267. Eliminate the last sentence of old rule reading: "No open tele-

graph office should be passed without stopping and ascertaining

the location of all trains." Add the following sentence: "Cars
must be operated with the expectation of finding main track in

use and care exercised to avoid striking other cars."

86-268. Revise to read as follows : "Where practicable, cars must be run
on outside main tracks in the direction of traffic or on sidings.

A sharp lookout must be maintained in both directions, and where
the vision is obscured or impaired flagging rules must be observed."

87-269. Revise first sentence to read as follows : "When approaching
workmen on or near track, or when approaching road crossings

at grade, the car must be under complete control or stopped, and
the employee in charge must know that the workmen or highway
traveler will not be endangered before proceeding." (Remainder
of rule to stand as at present.)
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88-270. O.K.
89-271. O.K.
90-272. O.K.
91-273. ReAvrite rule to read as follows : "Cars must not be attached to

engines or trains and they must not be run closer than 500 ft.

behind moving trains nor stopped within 200 ft. of standing trains."

92-274. Rewrite first sentence to read as follows : "Unless coupled, space

between two or three cars when running must not be less than

500 ft." (Remainder of rule to stand as at present.)

93-275. O.K.
94-276. O.K.
95-277. O.K.
96-278. O.K.
97-279. O.K.
98-280. O.K.
99-281. O.K.
100-282. Rewrite to read as follows: "When necessary to ship motor

cars on trains, gasoline tanks and carburetors must be drained.''

101-283. O.K.
102-284. O.K.

RULES FOR THE CARE OF MOTOR CARS
(1) An employee, in order to properly qualify himself to operate a

motor car, must thoroughly understand the complete cycle of operation of

the engine, study the printed booklet of instructions furnished by the maker,
and acquaint himself with the gasoline circuit, the electric equipment and
circuit, the methods of lubrication, and the proper methods of starting and
stopping the engine and car.

(2) Motor cars must be inspected carefully before starting to detect

loose or broken parts and see that the wheels are in proper alinement.

When running, attention must be given to any unusual noise about the

engine or car, and the car must be stopped and adjusted before proceeding.

In making long runs the car must be stopped periodically and examined for

overheated parts or bearings and to insure proper lubrication.

(3) Motor cars must be thoroughly cleaned and all bolts and nuts

tightened at least once each week. A thorough inspection of all parts must
be made when car is overhauled or cleaned.

(4) Engine must not be raced or left running when the car is standing.

(5) All wearing parts and bearings of engine and car must be kept

properly lubricated. When lubricated gasoline is used, it must be properly

proportioned and mixed before placing in the fuel tank.

(6) In case of motors having water cooling systems, water tanks and
radiators or jackets must be kept properly filled and during freezing tem-
peratures they must be protected against freezing or the water drained

when not in use.

(7) More than the required number of dry cell batteries must not

be used. Spark coil vibrator must be kept clean and properly adjusted.

Spark plugs must be kept clean and free from carbon. Timers must l)e

kept clean, well oiled and in proper adjustment. Wiring must be properly

insulated and connections kept tight.

(8) To secure the lowest maintenance and highest efficiency in the

engine, the carburetor must be adjusted by a competent man and must
not be tampered with. Gasoline must be kept free from stoppage and leaks

immediately repaired.

(9) In case of belt driven cars, tension on belts must not be ex-
cessive. In the case of friction disc drive, the disc must be kept clean and
dry and free from oil.

(10) Extreme care must be exercised in the handling of gasoline
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and gasoline should preferably be stored in tanks removed from the motor
car house. Gasoline must be strained before placing in fuel tank. Fuel

tank, oil cans and funnels must be kept clean.

(11) The employee in charge of motor car will be furnished^ with
proper complement of required tools and will be responsible for their use

and care.

(12) Care must be exercised in placing motor car on or off the track

and in loading or unloading tools, to avoid disturbing the adjustment of

engine or damage to engine or car.

STANDARDIZATION OF MOTOR CAR PARTS
This subject was not assigned to an independent sub-committee, but

included with the correlated subject on Rules for the Care and Operation

of Motor Cars. We are reporting progress only on this subject.

In order to properly develop the standardization of detail parts, it has

been found necessary to give consideration to the more general specifica-

tions of motor cars such as the classification of motor cars that are needed

to meet the requirements of the railways as well as the general charac-

teristics of each of the classifications of motor cars. In other words, we
must first know what a standard motor car is for section and other com-

mon uses on the railways.

The Committee is working with the engineer representatives of the

motor car manufacturers in the development of the standardization of

motor car parts, and anticipates results from its efforts through that channel.

Conclusions

Your Committee recommends the adoption and printing in the Manual

of the revision of the Rules for the Operation of Motor, Hand, Velocipede

and Push Cars, and also the twelve new rules submitted for the care of

Motor Cars.

Progress is reported on the subject. Standardization of Motor Car

Parts.



REPORT OF COMMITTEE X—SIGNALS
AND INTERLOCKING

F. B. WiEGAND, Chairman; B. T. Anderson, Vice-Chairman;
W. E. BoLAND, J. A. Peabody,
W. J. EcK, F. W. Pfleging,
W. H. Elliott, W. M. Post,
G. E. Ellis, A. H. Rudd,

J. V. Hanna, Thos. S. Stevens,

J. C. Mock, E. G. Stradling,
H. G. Morgan, W. M'. Vandersluis,
F. P. Patenall, R. C. White,

Committee.
To the American Raikvay Engineering Association:

Your Committee on Signals and Interlocking submits report on the

following

:

(1) Automatic Train Control,

(2) Signals for Highway Crossing Protection,

(3) Signaling.

(1) Automatic Train Control

A report on this subject was submitted at the I^Iarch 1925 meeting

and again at the March 1926 meeting. We have submitted the historical

data, a copy of I.C.C. order 13413, contracts executed, devices selected

by the carriers, track miles of automatic train control and automatic

train stop to be installed and a list of inspections by the Interstate Com-
merce Commission. In Appendix A is given the status of train control

as of November 30, 1926; their classification and the variations in the

classes, I.C.C. inspections and approvals and an analysis of train

accidents.

Action Recommended

That the report in Appendix A, relating to Automatic Train Control,

be accepted as information.

(2) Highway Crossing Signals

Conferences have been held with Committee IX—Grade Crossing

Design, Protection and Elimination and your Committee reports progress.

Action Recommended

Acceptance as information.

(3) Signaling

We submit as information reference by title to the Signal Section

literature submitted to letter-ballot in 1925 and 1926. Your Committee
is of the opinion that this is valuable information to have in the Pro-
ceedings of this Association.

Bulletin 292, December, 1926.
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Action Recommended

That the report in Appendix B relating to Signaling be accepted as

information.

Outline of Work for Ensuing Year

1. Revision of the Manual.

2. Continue study of Automatic Train Control.

3. Continue study on automatic signals for highway crossing pro-

tection, collaborating with Committee IX—Grade Crossing Design, Pro-

tection and Elimination.

4. Signaling (designs ; symbols ; definitions ; rules and instructions

;

construction and maintenance specifications),

5. Outline of work for ensuing year.

Respectfully submitted,

The Committee on Signals and Interlocking,

F. B. WiEGAND, Chairman.

Appendix A

(1) AUTOMATIC TRAIN CONTROL

F. B. Wiegand, Chairman, Sub-Committee ; B. T. Anderson, H. S. Balliet,

W. E. Boland, W. J. Eck, W. H. Elliott, G. E. Ellis, J. V. Hanna,

J. C. Mock, H. G. Morgan, F. P. Patenall, J. A. Peabody, F. W.
Pfleging, W. M. Post, A. H. Rudd, T. S. Stevens, E. G. Stradling,

W. M. Vandersluis, R. C. White.

The last report on Train Control, as published in Volume 27, page

317, gave a list of available devices which was prepared by the United

States Railroad Administration Committee, and the standing of each was
briefly described. There have been some additional devices proposed

;

some have been tested out, but others have not reached the stage of

trial at the present time. A number of plans have been presented to the

Interstate Commerce Commission for examination, but only a compara-

tively few were found to possess sufficient merit to warrant consideration.

At the present time, the installations being made by railroad companies

to comply with the two orders of the Commission may be divided into

two distinct classes : intermittent and continuous. Of the first there are

six types or variations, and five of the second. The first class includes

the two ramp installations installed on the Chicago & Eastern Illinois

and on the Rock Island ; the intermittent induction devices of the General

Railway Signal Company, and of the Union Switch & Signal Company, and

the magnetic induction devices of the National Safety Appliance Com-
pany and of the Sprague Safety Control & Signal Corporation. The

continuous devices include the two-speed continuous of the General Rail-

way Signal Company and the two and three-speed continuous of the Union
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Switch & Signal Company; the continuous stop of each company may
also be put into this class. In addition to these, experiments under

service conditions are being conducted by the Miller Train Control Cor-

poration with an intermittent type. The Regan Safety Devices Company
is also making a trial installation with one of the same character. A
continuous device with high frequencies, similar to those used in radio

work, is being tested by the Continuous Train Control Corporation, using

the principles developed under the Clark system, which has been in

process of development for a number of years. Tests are also being con-

tinued on the Webb device controlled by the International Signal Com-
pany. A recent development of the continuous type is the so-called

"Coder" system, by which the impulses are sent over the rails in a certain

ratio.

This was designed to secure immunity from outside interference and

also provide a system which would be operative both in steam territory

and electrified territory. After this system was designed, it was accepted

as a basis for providing interchangeability by the roads in the eastern

territory using the continuous system.

I. C. C. ORDERS

The Commission has required no additional roads to install train

control, nor has it issued any general orders since our last report. A
number of individual petitions have been presented to the Commission by

different carriers asking for extensions of time, exemptions, tninor

changes in limits of territory, relating to the use of branch line locomo-

tives on main lines, and substitution of the installation of automatic sig-

nals for the train control. In most cases the Commission has issued

orders answering these petitions without hearing, other than the presen-

tation by the officials of the road concerned before Division 1 or the

Director of the Bureau of Signals and Train Control Devices. The
majority of the petitions for extension of time have been granted on

both first and second orders, although none has been extended beyond

January 1, 1927. The changes in territory have in most cases consisted

of modifications to prevent complications at terminals, although in one

case where there was rather an extensive section of joint track, about 50

miles was eliminated from the second order territory. No exemptions

have been granted during the year, but several roads have had the time

of completion suspended until further orders. In two cases in which
substitution of signals was permitted for train control, the carriers con-

cerned presented an elaborate program, which was started upon at once.

The recurrent acknowledgment referred to in the last report on page

326 of Volume 27 was the subject of a petition by the Oregon-Wash-
ington Railroad & Navigation Company and the proceedings were par-

ticipated in by other roads interested in the same device. After

consideration, the Commission advised under date of March 9, 1926, that

this provision in the final reports will be eliminated.

An extensive hearing was held before the Commission at the instance
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of the Sprague Safety Control & Signal Corporation referring to certain

relations as to a contract it had with the New York Central. The Com-
mission in its decision on May 14, 1926, dismissed the complaint.

While no order has been issued, the requirement in some of the

early reports on installations using permanent track magnets to use some

means of detecting the removal of the magnet, has been omitted in later

reports.

PROGRESS

As of November 30, 1926, the number of roads required at present to

make an installation is 44 under the first order, 5 having been exempted or

having had their time for completion indefinitely postponed. Under the

second order, 11 roads have been exempted or have had the time of com-

pletion suspended, leaving 36 roads which are required to make the instal-

lation. Under the first order all but 6 roads have completed their

installation, and work is well under way on those. On the second order,

18 roads have finished their installation and work is in progress on the

remainder. There have been some minor changes in the mileage involved,

the total now being 7643 miles of track in place of 7769 as last reported.

The second order totals 7409 miles of track, although there may be some

readjustments which will change this total a small percentage, as well as

in the number of locomotives. Exhibit A gives the mileage as at last

reported for the first and second orders, together with the number of

locoiyotives. It will be noted that in some cases all the locomotives

required for both orders are included in the first order. These figures

have been compiled from the records of the Committee on Automatic

Train Control of the American Railway Association.

I. C. C. INSPECTIONS AND APPROVALS

Since the permanent installations are being completed, the Commis-
sion has discontinued the practice of making inspections of preliminary

installations and reports. Only one was made during the year 1926,

which makes 20 in all. A complete list is included as Exhibit B.

Three inspections of complete installations under the first order had

been made at the time of our last report, and 25 more have now been

made, making 28 in all. Reports have been issued on 22 of these. On
the second order, 8 inspections have been made and reports have been

issued on 3.

All the reports follow the same form, being similar to those given

practically in full in our reports in Volumes 26 and 21. The installation

is described briefly, giving the extent, signaling, and in some cases, other

features of the installation. This is followed by a brief description of

the device with its method of operation. In all except the first 3 reports,

the cost of the installation, including changes and additions to the signal

system as reported by the road, is given. In only a few cases has an

unqualified approval been given, but "Exceptions" are noted, which are

followed by a list of "Requirements," "Recommendations" or "Criticisms,"
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as they are variously called, generally referring to the manner of instal-

lation or maintenance and usually of less fundamental importance than

the "Exceptions." The reports quite generally conclude with the state-

ment that the company "is expected to promptly and currently inform us

of the progress made in conforming to all of the above-stated require-

ments and recommendations." This seems to include the exceptions, as

well as the list of less prominent criticisms.

In Exhibit C we give an abstract of the exceptions, requirements and

recommendations made in each of the reports issued. These have been

briefed, but give the essence of the criticism in each case. The devices

have been arranged according to their type.

Copies of these reports are prepared for distribution by the Com-
mittee on Automatic Train Control of the American Railway Association

and supplied to the officials of the roads concerned. Additional printed

copies may also be secured from the Superintendent of Documents, Gov-

ernment Printing Office, Washington, D. C, by quoting the Opinion

Number which is given for all of these that have been printed.

ANALYSIS OF ACCIDENTS

In our report, Volume 27, we gave an analysis of the accident

record as shown in Bulletin 93 of the Interstate Commerce Commission
for the year 1924. Bulletin 94, for the year 1925, shows a slight increase

in the number of non-trespassers killed, with, however, exactly the same

number of collisions. The number of collisions per million locomotive

miles was slightly decreased, but the percentage of those due to collisions

to all deaths of non-trespassers was increased from 2.5 per cent to 2.8

per cent. There was a slight decrease in the number of collisions involv-

ing casualties. Diagrams in the report show a decrease in the number
of passengers injured per passenger mile, but a slight increase in the

number killed, although the latter number is materially below the high

point of a few years ago. The number of trainmen injured per 1000 in

service shows a slight decrease, except in yard service where there is a

slight increase.

For the past 5 or 6 years, the Commission has published a diagram

showing the fatalities from about 20 causes due to railroad operation.

The deaths from collisions of all persons is seventh on the list; that is,

there are 6 causes accounting for more deaths than collisions, collisions

amounting to 1.95 per cent of all deaths for the year 1925. Omitting

trespassers and including passengers and employees, collisions drop back

to sixth place as a cause of fatalities, and occupies fifth place for

employees only, with percentages of 2.89 and 5.69 respectively. In each

tabulation, however, derailments are responsible for more deaths than

collisions.

These diagrams and tables show the relative small number of deaths

that might be saved by automatic train control (even assuming that all

collisions could be prevented by train control, which is not a fact), and
also that the railroads themselves, by the generally improved rate per

train mile or per 1000 employees in service, are taking effective steps

to reduce the accident record.
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FIRST ORDER
TRACK MILES LOCCMOTIVES

SECOND ORDER
TRACK MILES LOODMOTIVES

ITiSF
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Exhibit B

PRELIMINARY INSPECTIONS OF AUTOMATIC TRAIN
CONTROL INSTALLATIONS BY INTERSTATE

COMMERCE COMMISSION
First Order

'Penn.

S. P.

St. L.-S. F.

M. P.

C. & A.

G. N.
C. B. & Q.
I. C.

C. N. O. & T. P.
N. P.

A. C L.

L. \'.

N. Y. N., H. & H.
C I. & L.

D. L. & W.
L. & X.
=M. C.

N. Y. C
R. F. & P.

C. & N. W.
=P. & L. E.

C. M. & St. P.

N. Y. C. & St. L.

P. M.
D. & H.
Erie

Sept. 16-25, 1924 Union
Aug. 4-21, 1924 National
Oct. 15-18, 1924 National
Sept. 2-6, 1924 National
Dec. 1-5, 1924 National
Nov. 21-26, 1924 Sprague
Feb. 3-6, 1925 Sprague
March 2-7, 1925 Union
March 2-6, 1925 General
April 14, 1925 Sprague
March 24-28. 1925 General
April 2-6, 1925 General
April 16-May 15, 1925 Union-Gen
May 4-9, 1925 Sprague
May 18-23, 1925 Union
May 19-23, 1925 Union
June 15-19, 1925 General
June 15-20, 1925 Sprague
June 15, 1925 Union
June 4-12, 1925 General
July 13-19, 1925 Union
Sept. 3-14, 1925 Union
Oct. 22-Nov. 2, 1925 Union
Nov. 3- Nov. 9, 1925 General
Nov. 16-Nov. 25, 1925 General
March 3, 1926 General

Three-Speed
Intermittent Induction
Intermittent Induction
Intermittent Induction
Intermittent Induction
Intermittent Induction
Intermittent Induction
Two-Speed Continuous
Auto Manual
Intermittent Induction
Auto Manual
Auto Manual
Continuous Stop
Intermittent Induction
Two-Speed
Two-Speed
Two-Speed
Intermittent Induction
Two-Speed
Two-Speed
Three-Speed
Stop
Intermittent Induction
Auto Manual
Auto Manual
Auto Manual

'On test installations now removed.
"On test installations now removed ; no report to date.

Exhibit C

INTERMITTENT CONTACT

Installation : Chicago, Rock Island & Pacific Railway.
Device: Regan Safety Devices Company.
First Order: Blue Island to Rock Island, 111.

165.4 miles double track—105 locomotives.
Inspected: November 19-30, 1923.

I.C.C. Repobt: Decided December 17, 1923 (Sub. No. 1). Opinion
No. 8999.

I.C.C. Final Report: Decided December 24, 1925 (Sub. No. 1).

Exceptions :

Arrangements should be made for inspection and test by skilled

employees of train control equipment on arrival of all engines at terminal
or roundhouse, and a daily report on tlie condition of the apparatus made
on a form provided for the purpose and sent to the proper authority.

Roadside apparatus should be frequently inspected and tested, and
a report thereof made on a form provided for the purpose and sent to

the proper authority.
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A form should be provided for the engineman to report failures or
irregularities in operation.

Accessible parts of the apparatus should be padlocked or sealed.

Recommendations :

Clearing ramp should give protection in overlap section.

Crossover switches should be so arranged as to give maximum pro-

tection to main track traffic through signal indication.

Movements to main tracks should be protected through signal system.

Full train control protection should be provided through the signal

system at all interlockings.

Some signal overlaps are not sufficient length to provide braking
distance at medium speed.

Medium speed Zl miles per hour for passenger trains is considered
too high.

Speed restriction should be provided for a train on siding following
a train on the main track.

Signs should indicate beginning and end of train control territory.

Final Report :

On subsequent inspection, the above corrections were found satisfac-

torily made and all requirements met.

Installation : Chicago & Eastern Illinois Railway.
Device: Miller Train Control Corporation.
First Order : Yard Center to Danville, 111.

105.4 miles double track—138 locomotives.

Inspected: January 6-20, 1925.

I.C.C. Report: Decided March 27, 1925 (Sub. No. 2). Opinion No.
10236.

Exceptions:
Provision should be made for preventing frost or ice from affecting

exposed conduit.

Six engines equipped with early type of control valve must have this

replaced by later type.

Filler block should be used to prevent alteration in the height of the

ramp contact shoe.

Ramp displacement detector not required.

Requirements : as to Maintenance, Tests, etc.

Arrangements should be made for inspection and test of all engines
on arrival at and before departure from inspection and repair point.

Roadside apparatus should be frequently inspected and tested, and
a report 'thereof made on a form provided for the purpose and sent to

the proper authority.

A form should be provided for the engineman to report failures or
irregularities in operation.

Recommendations :

Interval between ramp and signal should be sufficient to provide ade-
quate braking distance.

Arrangements should be made at crossovers to afford maximum
signal protection to main track traffic.

All movements to main tracks should be protected through the signal

system.
Through interlocking plants ramps should only be energized for high

speed routes.

INTERMITTENT INDUCTION (Inert Element)

Installation : Atlantic Coast Line Railroad.

Device: General Railway Signal Company.
First Order: Acca Wye (Richmond, Va.) to Rocky Mount, N. C

6.6. miles single track—116.2 miles double track—^55

locomotives.

Inspected: March 3-25, 1926.

I.C.C. Report: Decided June 25, 1926 (Sub. No. 15). Opinion No.
11424.
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Exceptions r

Steps must be taken at once to insure the integrity of the inductor

circuit.

Stop inductors must be placed on two branch lines braking distance

from the main track.

Controlling circuits should be arranged so as to provide train control

protection at the signal in the rear of a signal mechanically held in the

clear position.

Requirements : as to Maintenance, Tests, etc.

Evidence at the time of the inspection indicated that locomotive

apparatus was not adequately maintained, and this should be corrected.

The integrity of locomotive circuits must be adequately protected.

Locks or seals should be provided for all accessible parts of the

locomotive apparatus.

"Arrival" and "departure"' tests should be made at each inspection

and repair point, and a daily report made on suitable form for the pur-

pose and sent to a designated officer.

A form should be provided for the engineman to report failures or

irregularities in operation.

Test inductors at terminal should be prop^ly maintained.
Roadside installation should be checked frequently with plans to

insure correctness.

Roadside apparatus should be frequently inspected and tested, and a

report thereof made on a suitable form and sent to a designated officer.

Circuit controllers should be provided for derails and siding ends of

crossovers.
Consideration should be given to providing increased fouling pro-

tection.

Consideration should be given to providing approach locking for

switches at two points named.

Installation: Perc Marquette Railway.
Device: General Railway Signal Company.
First Order : Seymour to North Lansing, Mich.

59.2 miles single track—1.6 miles double track—67 loco-
motives for both orders.

Inspected: April 16-May 7, 1926.

I.C.C. Report: Decided August 30, 1926 (Sub. No. 19). Opinion No
11618.

Second Order : Lansing to Detroit, Mich.
63 miles single track—11.6 miles double track.

Inspected : Same as first order.

I.C.C. Report: Decided August 31, 1926 (Sub. No. 19-2). Opinion No.
11624.

Exceptions :

One inductor as specified should be moved to provide proper braking
distance.

Locomotives operated backward in train control territory should be
equipped for such running.

Requirements : as to Maintenance, Tests, etc.

Arrangement should be made for inspection and lest of all engines
on arrival at and before departure from inspection and repair point.

Locomotive apparatus should be adequately maintained, so that the
integrity of locomotive circuits will be adequately protected.

Locomotive receivers should be checked as to position with a suitable

gage.
Steps should be taken to insure that periodic locomotive tests are

nade.
A form should be provided for the engineman to report failures or

irregularities in operation, and they should report in detail when neces-
sary to cut out the device.
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Repair points should have sufficient spare parts at all times.

Longer inductor ties should be installed if the present ties show evi-

dence of failure.

Track inductor maintenance should be such as to protect the integrity

of its circuit.

Roadside installation should be checked frequently with the circuit

plans to insure correctness.

Roadside apparatus should be frequently inspected and tested, and a

report thereof made on a form provided for the purpose and sent to a

designated officer.

Consideration should be given to possibly providing increased fouling

protection.

Consideration should be given to signal spacing in connection with
forestalling at a caution signal.

INTERMITTENT, MAGNETIC INDUCTION

Installation : Chicago, Burlington & Quincy Railroad.

Device: Sprague Safety Control & Signal Corporation.
First Order : Creston to Pacific Junction, Iowa.

24.4 miles single track—57.7 miles double track—56
locomotives.

Inspected : Sept. 22-Oct. 19, 1925.

I.C.C. Report: Decided January 26, 1926 (Sub No. 9), Opinion No.
11002.

Exceptions :

Adequate means must be applied on all locomotives to prevent over-
charging the capacity reservoir.

Recommendations : as to Maintenance, Tests, etc.

Arrangement should be made for inspection and test of all engines
on arrival at and before departure from inspection and repair point,

and a daily report made on suitable form for the purpose and sent to
a designated officer.

Periodical inspection and test should be made of the magnetic quali-

ties of the track magnet and reports made on a form provided for the
purpose sent to a designated officer.

Measure should be taken to insure that track magnet leads are
properly connected.

Consideration should be given to exhausting equalizing reservoir air
from vent valve instead of in brake head.

Care sTiould be taken to see that train control apparatus makes
proper brake pipe reduction when other than regular passenger loco-
motives are used in this service.

As green light is visible after forestalling in caution or stop block,
consideration might be given to the use of a light of another color for
the cab indicator.

Recommendations : as to Signals, etc.

Controlling circuits should be arranged so as to provide train control
protection at the signal in the rear of a signal mechanically held in the
clear position.

Braking distances should be given consideration.

Installation: Great Northern Railway.
Device: Sprague Safety Control & Signal Corporation.
First Order : Minot to Williston, N. Dak.

98.07 miles single track—^22.25 miles double track—35
locomotives.

Inspected : Oct. 28-Nov. 19, 1925.

I.C.C. Report:, Decided January 26, 1926 (Sub. No. 10). Opinion No.
11007.
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ElXCEPTIONS :

Adequate means must be applied on all locomotives to prevent over-

charging the capacity reservoir.

Recommendations: as to Maintenance, Tests, etc.

Arrangement should be made for inspection and test of all engines

on arrival at and before departure from inspection and repair point,

and a daily report made on suitable form for the purpose and sent to

a designated officer.

Periodical inspection and test should be made of the magnetic qualities

of the track magnet and reports made on a form provided for the purpose

sent to a designated officer.

Measure should be taken to insure that track magnet leads are

properly connected.
Consideration should be given to exhausting equalizing reservoir air

from vent valve instead of in brake head.

Recommendations : as to Signals, etc.

Braking distances should be given consideration.

The indication of certain magnets should be stop instead of clear

at caution signals.

Protection should be provided against unauthorized movements at

the end of double track.

Overlaps in two specified cases should be changed.
Consideration should be given to providing increased fouling pro-

tection.

Installation : Northern Pacific Railway.
Device: Sprague Safety Control & Signal Corporation.
First Order : Mandan to Dickinson, N. Dak.

109.6 miles single track—34 locomotives.

Inspected: March 12-27, 1926.

I.C.C. Report: Decided June 29, 1926 (Sub. No. 17). Opinion No.
11446.

Exceptions :

Adequate means must be applied on all locomotives to prevent over-

charging the capacity reservoir.

Recommendations :

Arrangement should be made for inspection and test of all engines
on arrival at and before departure from inspection and repair point, and
a daily report made on suitable form for the purpose and sent to a
designated officer.

Consideration should be given to exhausting equalizing reservoir air
from vent valve instead of in brake head.

Location of choke in the oil reservoir should be changed.
Track magnets which are securely fastened to the ties will not

require displacement detectors.

Measures should be taken to insure that track magnet leads are
properly connected.

Recommendations: as to Signals, etc.

All caution distant signals to a siding be provided with stop magnet
in the absence of overlap.

Revision to be made in circuits at lap siding.
Circuits should be so arranged to cause a stop magnet at a caution

distant signal should the hcadblock signal be falsely clear.
Circuits should be so arranged that the magnet located braking

distance in the rear, should an intermediate signal falsely clear with its

block occupied, will be in the stop condition.
Braking distances should be checked.
Consideration should be given to providing increased fouling pro-

tection.



310 Signals and. Interlocking

Installation : Galveston, Harrisburg & San Antonio Railway.
Device: National Safety Appliance Company.
First Order: Rosenberg to Glidden, Texas.

50.7 miles single track—38 locomotives.

Inspected: July 13-25, 1925.

I.C.C. Report: Decided December 8, 1925 (Sub. No. 4). Opinion No.
10904.

Exceptions :

Track magnets to be connected so that displacement or removal will

result in automatic application at the signal in the rear.

Requirements : as to Maintenance, Tests, etc.

Forestalling valves to be properly inspected and tested to detect

improper adjustment.
Consideration should be given in connection with greater clearances

in the parts of the duplex control valve.

Careful adjustment should be made of the control valve magnet
armatures.

Provide adequate means for preventing scale, dirt, ice, etc., from
stopping connections.

Arrangement should be made for inspection and test of all engines

on arrival at and before departure from inspection and repair point, and
a daily report made on suitable form to a designated officer.

Periodical inspection and test should be made of the magnetic quali-

ties of the track magnet and reports made on a form provided for the

purpose sent to a designated officer.

A form should be provided for the engineman to report failures or
irregularities in operation.

Recommendations :

Mlagnet relay control should be carried through automatic signal cir-

cuit breaker.
Magnet relay control should be carried through home signal circuit

breaker at a specified interlocking.

Braking distances should be given consideration, especially at stag-
gered pairs of signals.

Consideration should be given to providing increased fouling pro-
tection.

Switch circuit controllers be provided for derails and siding ends of
crossovers.

Circuits should be so arranged to cause a stop magnet at a caution
distant signal should the home signal be falsely clear due to mechanical
trouble.

Installation : St. Louis-San Francisco Railway.
Device: National Safety Appliance Company.
First Order: Nichols to Monett, Mo.

35.6 miles single track—4.4 miles double track—31 loco-
motives.

Inspected: August 3-15, 1925.

I.C.C. Report: Decided December 8, 1925 (Sub. No. 6). Opinion No.
10906.

Exceptions :

New style duplex control valve should be substituted for older type
on engines now equipped with latter type.

Speed restriction circuits should be removed from track installation.
Track magnets should be connected so that displacement or removal

will result in automatic application at the signal in the rear.
Circuit for condensers around relay contacts should be changed or

condenser removed entirely.

I
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Requirements : as to Maintenance, Tests, etc.

Forestalling valves to be properly inspected and tested.

Consideration should be given to providing greater clearances in the

parts of the duplex control valve.

Proper adjustments should be provided for the control valve magnet
armatures.

Provide adequate means for preventing scale, dirt, ice, etc., from

stopping connections.

Adequate facilities for inspection and test of locomotive equipment

should be provided.
Arrangement should be made for inspection and test of all engines

on arrival at and before departure from inspection and repair point, and

a daily report made on suitable form to a designated officer.

Periodical inspection and test should be made of the magnetic quali-

ties of the track magnet and reports made on a form to a designated

officer.

A form should be provided for the cngineman to report failures or

irregularities in operation.

Forestalling valves should be sealed with an identification seal.

Recommendations:
Braking distances should be given consideration.

Magnet relay control circuits should be carried through signal circuit

breaker on entire territory.

False clear interlocked signal, which would cause false clear magnet
at distant signal, should have circuits revised.

Crossover shunting at west end of territory should be revised.

Switch circuit controller to be provided for hand thrown derail.

Certain short track sections at signals should be revised to make
entire installation uniform.

Consideration should be given to providing increased fouling pro-

tection.

Roadside installation should be frequently checked with circuit plans.

Installation : Southern Pacific Company.
Device: National Safety Appliance Company.
First Order: Oakland to Tracy, Calif.

24.5 miles double track—5.1 miles single track—98 loco-
motives.

Inspected: July 30-Aug. 12, 1925.

I.C.C. Report: Decided December 8, 1925 (Sub. No. 5). Opinion No.
10905.

Exceptions :

Track magnets to be connected so that displacement or removal will

result in automatic brake application at the signal in the rear.

Release cocks should be constructed and connected so as to result

in a brake application when handle is turned.

Circuit for condensers around relay contacts should be changed or
condenser removed entirely.

Requirements: as to Maintenance, Tests, etc.

Forestalling valves to be properly inspected and tested to insure
correct timing.

Consideration should be given to securing greater clearances in the
parts of the duplex control valve.

Proper adjustment should be provided for the control valve magnet
armatures.

Provide adequate means for preventing scale, dirt, ice, etc., from
stopping connections.
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Systematic and periodic inspection of locomotive equipment should

be provided for.

Arrangement should be made for inspection and test of all engines

on arrival at and before departure from inspection and repair point, and
a daily report made on suitable form and sent to a designated officer.

Periodical inspection and test should be made of the magnetic quali-

ties of the track magnet and reports made on a form and sent to a

designated officer.

A form should be provided for the engineman to report failures or
irregularities in operation.

Forestalling valves and duplex should be sealed with an identification

seal.

Recommendations :

Magnet relay control should be carried through signal circuit breaker.

Braking distances should be given consideration.

Consideration should be given to providing increased fouling pro-

tection.

Circuits should be so arranged to cause a stop magnet at a caution

distant signal should the home signal be falsely clear due to mechanical
trouble.

False clear interlocked signal, which would cause its own and the

distant signal magnet to be clear, should have circuits revised.

Track magnet protection should be provided braking distance in the

rear of two specified signals.

Magnets below the level of top of rail account of laying heavier rail

should be raised.

Installation : Missouri Pacific Railroad.

Device: National Safety Appliance Company.
First Order : Leeds, Mo., to Osawatomie, Kans.

50 miles single track—39 locomotives.

Inspected: January 12-Feb. 4, 1926.

I.C.C. Report: Decided March 13, 1926 (Sub. No. 11). Opinion No.

11110.

Exceptions :

Directional track instruments must be properly installed and main-
tained so as to avoid unsatisfactory operation.

Requirements: as to Maintenance, Tests, etc.

Consideration should be given to securing greater clearances in the
parts of the duplex control valve.

Proper adjustments should be provided for the control valve magnet
armatures.

Provide adequate means for preventing scale, dirt, ice, etc., from
stopping connections.

Periodical inspection and test should be made of the magnetic quali-

ties of the track magnet and reports made on a form to a designated
officer.

Method of conducting and reporting tests of locomotive equipment
at time of inspection should be continued.

A form should be provided for the engineman to report failures or
irregularities in operation.

Time relays should be adjusted by competent employees and sealed
with identification seals.

CONTINUOUS TWO-SPEED
Installation : Oregon-Washington Railroad & Navigation Company.
Device : Union Switch & Signal Company.
First Order: East Portland to The Dalles, Oreg.

81.1 miles single track—2.5 miles double track^—33 loco-

motives.
Inspected: March 24-April 10, 1925.

I.CC. Report: Decided July 31, 1925 (Sub. No. 3). Opinion No. 10596.
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Exceptions :

Locomotives not now in accordance with approved plan must be so

equipped.
Locomotives must be provided with cut-out switches to open the

common return of cut-out relay holding coil.

Locomotives must be provided with pressure maintaining valves.

Provision must be made requiring engineman to acknowledge at suc-

ceeding stop signals. (Later voided by opinion of Commission of Mar.
9, 1926.)

Pneumatic portion must be adequately protected against freezing.

Improved type of electro-pneumatic valve stem should be used.

Cut-out cock drain pipe 1 should be designed to cause brake applica-

tion if closed.

Requirements : as to Maintenance, Tests, etc.

Should foreign current trouble develop, effective means shall promptly
be applied to overcome it.

As split reduction feature failed to function at all times during test,

consideration might be given to eliminating it.

Dissenting Opinion.
Presenting additional criticisms by one Commissioner.

Installation : Union Pacific Railroad.

Devich: Union Switch & Signal Company.
First Order: Sidney, Nebr., to Cheyenne, Wyo.

102 miles double track—95 locomotives.

Inspected: October /-November 7, 1925.

I.C.C. Report: Decided March 13, 1926 (Sub. No. 8). Opinion No.
11098.

Second Order : North Platte to Sidney, Nebr.
123 miles double track—34 locomotives.

Inspected: July 8-26, 1926.

I.CC. Report: Decided October 19, 1926 (Sub. No. 8-2).

Exceptions :

(Installations meet the requirements of I.C.C. specifications and order
and are approved without exceptions.)

Requirements : as to Maintenance, Tests, etc.

Should be no relaxation of vigilance in watching for freezing of
pneumatic apparatus, although no cases have occurred.

Seals on cut-out cocks should be so applied that they cannot be
removed without leaving evidence of the fact.

The high standard of maintenance obtaining at the time of these
inspections should be continued.

Shunt circuit used to impose restricted speed limit when a switch
is open must be so maintained that low speed shall not be released at a
dangerous distance from an open switch.

The increase in delay time account of increase in control system
pressure should be considered in connection with establishment of braking
distance.

Consideration should be given to providing increased fouling pro-
tection at sidings and crossovers.

The automatic cut-in feature as installed operates on the open circuit
principle, and its operation should be supplemented by such additional
check as may be practicable.

One of the cut-in loops as specified, to be relocated to a point braking
distance from signal.

Consideration to be given the question of providing lightning pro-
tection on track relay coils and contacts.
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Installation : Louisville & Nashville Railway.
Device : Union Switch & Signal Company.
First Order: Corbin, Ky., to Etowah, Tenn.

162 miles single track—47 locomotives.
Inspected: March 3-April 2, 1926.

I.CC. Report: Decided June 8, 1926 (Sub No. 14). Opinion No. 11236.

Exceptions :

Pusher locomotives to be equipped for backward running and to have
low-speed limit imposed when operating in this direction.

Locomotives of Southern Railway operating over a portion of train

control territory to be equipped with train control.

Cut-in loops to be carefully checked and made sufficiently long to
insure proper operation of train control relay.

Requirements : as to Maintenance, Tests, etc.

Pneumatic portion must be adequately protected against freezing.

Shunt circuit through switch box should be so maintained as not

to result in improper operation of train control system.
Instructions, reports and records in effect at the time of inspection

relative to tests of locomotive and roadway apparatus should be con-
tinued.

Numbered seals properly recorded to be used instead of ordinary
wire pressed seals.

Recommendations : as to Signals, etc.

The increase in delay time account of increase in control system
pressure should be considered in connection with establishment of braking
distance.

Braking distances, while apparently adequate for operation at author-

ized speeds, should be given consideration wherever there is a chance of

exceeding this speed.

Protection at a branch line crossing, consisting of wooden gate, should
have consideration with a view to possibly providing increased protection.

No detector circuit at an interlocking plant to prevent clear signal

with train occupying the crossing on another road.

Installation : Delaware, Lackawanna & Western.
Device : Union Switch & Signal Company.
First Order : Elmira to East Buffalo, N. Y.

141.0 miles double track—69 locomotives.
Inspected:. April 27-May 29, 1926.

I.CC. Report: Decided August 7, 1926 (Sub. No. 21). Opinion No.
11582.

Exceptions :

All locomotives must be provided with pressure maintaining valves.

Requirements: as to Maintenance, Tests, etc.

Instructions, reports and records in effect at the time of inspection
relative to tests of locomotive and roadside apparatus should be con-
tinued.

The automatic-cut-in feature as installed operates on the open circuit

principle, and its operation should be supplemented by such additional
check as may be practicable.

Shunt circuit through switch box should be so maintained as not
to result in improper operation of train control system, especially at

crossovers and turnouts.

Consideration should be given to providing increased fouling pro-
tection.

Additional protection should be provided at one interlocking plant.
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Installation: Chicago & North Western Railway.

Device: General Railway Signal Company.
First Order: Council Bluffs to Boone, Iowa.

149 miles double track—110 locomotives.

Inspected: May 4-28, 1926.

I.CC. Report: Decided October 21, 1926 (Sub. No. 22).

Exceptions :

(Installation meets the requirements of I.CC. specifications and order

and is approved without exceptions.)

Requirements : as to Maintenance, Tests, etc.

Apparatus governing maximum speed feature should be carefully

adjusted to insure an automatic application when the speed exceeds the

maximum.
The governor drive as installed is designed upon the open circuit

principle, and while apparently adequately rugged, if it be found that

proper protection is not afforded by the present construction, other means
must be provided.

Should foreign current trouble develop, effective means shall promptly

be applied to overcome it.

Consideration should be given to providing increased fouling pro-

tection at non-interlocked main track crossovers.

CONTINUOUS THREE-SPEED

Installation : Norfolk & Western Railway.
Device: Union Switch & Signal Company.
First Order: Shenandoah, Va., to Hagerstown, Md.

106.1 miles single track—41 locomotives.
Inspected: September 8-October 10, 1925.

I.CC. Report: Decided Januarv 2, 1926 (Sub. No. 7). Opinion No.
10950.

Exceptions :

Provision must be made requiring cngineman to acknowledge at suc-
ceeding stop signals. (This exception voided bv order of Commission
Mar. 9. 1926.)

Provision must be made to maintain required amount of train control
air pressure constantly.

Pneumatic portion must be adequately protected against freezing.

Requirements : as to Maintenance, Tests, etc.

Arrangement should be made for inspection and test of all engines
on arrival at and before departure from inspection and repair point, and
a daily report made on suitable form sent to a designated officer.

Roadside apparatus should be frequently inspected and tested and
report thereon made on suitable form to a designated officer.

A form should be provided for the engineman to report failures or
irregularities in operation.

Recommendations :

Braking distances should be given consideration.
Effective means to be provided lo overcome the effect of foreign

current, evidence of which was noticed.

Roadside circuits to be modified so as to conform with revised circuit

plans. •

Consideration should be given to providing increased fouling pro-
tection.

Certain circuits at interlockings should be revised.
It is suggested that consideration might be given to the simplification

secured and possible failures avoided by elimination of split reduction
feature.
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Installation :

Device :

First Order:

Inspected :

I.C.C. Report:

Reading Company.
Union Switch & Signal Company.
Camden to Atlantic City, N. J.

52.6 miles double track—2.6 miles three track—52 loco-

motives.

January 12-Feb. 6, 1926.

Decided April 8, 1926 (Sub. No. 12). Opinion No. 11215.

Exceptions :

The automatic cut-in feature as installed operates on the open circuit

principle, and its operation should be supplemented by such additional

check as may be practicable.

Requirements : as to Maintenance, Tests, etc.

Instructions, reports and records in effect at the time of the inspec-

tion relative to test of locomotive and roadway apparatus should be
continued, and reports made on a suitable form to a designated officer.

Should foreign current trouble develop, effective means shall promptly
be applied to overcome it.

Pneumatic portion must be adequately protected against freezing.

Low-speed limit of 25 miles per hour approved with the understand-
ing that its practical operation be closely watched.

Recommendations : as to Signals, etc.

Modification should be made in certain loop circuits.

Consideration should be given to increased protection provided by
separate sectionalized direct current common wires.

Consideration should be given to providing increased fouling pro-

tection.

Installation : Central Railroad Company of New Jersey.
Device: Union Switch & Signal Company.
First Order: Red Bank to Winslow Junction, N. J.

65.5 miles single track—30 locomotives.
Inspected: January 18-Feb. 13, 1926.

I.CC. Report: Decided April 10, 1926 (Sub. No. 13). Opinion No.
11216.

Exceptions :

The automatic cut-in feature as installed operates on the open circuit

principle, and its operation should be supplemented by such additional
check as may be practicable.

Requirements: as to Maintenance, Tests, etc.

Instructions, reports and records in effect at the time of the inspec-
tion relative to test of locomotive and roadway apparatus should be con-
tinued, and reports made on a suitable form for the purpose and sent

to a designated officer.

Pneumatic portion must be adequately protected against freezing.

Proper standard of maintenance for headlight generators is necessary.

Recommendations : as to Signals, etc.

Increased safety of operation should be considered approaching end
of block at connection with Atlantic City R. R. (Reading Co.).

Temporary wiring should be checked to insure against possible un-
safe condition pending their removal.

Cut-out circuits, if retained, should be according to standard in the
permanent installation.

Emergency power supply facilities appear to be inadequate.
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Instalxation : Atchison, Topeka & Santa Fe Railway.

Device : Union Switch & Signal Company.
First Order: East Fort Madison to Chillicothe, 111.

.37 mile single track—101.8 miles double track—87 loco-

motives.

Inspected: January 18-February 24, 1926.

I.C.C. Report: Decided July 7, 1926 (Sub. No. 18). Opinion No. 11478.

Exceptions:
Locomotives must be provided with pressure maintaining valves.

Requirements : as to Maintenance, Tests, etc.

Instructions, reports and records in effect at the time of the inspec-

tion relative to test of locomotives and roadway apparatus should be
continued, and reports made on a suitable form to a designated officer.

The automatic cut-in feature as installed operates on the open circuit

principle, and its operation should be supplemented by such additional

check as may be practicable.

Pneumatic portion must be adequately protected against freezing.

Consideration should be given to providing increased fouling pro-

tection at non-interlocked main track crossovers.

CONTINUOUS STOP

Instalxation: Chicago, Milwaukee & St. Paul Railway.
Device : Union Switch & Signal Company.
First Order: Bridge Switch to Hastings, Minn.

108.1 miles double track—58 locomotives.
Inspected: March 29-April 17, 1926.

I.C.C. Report: Decided June 29, 1926 (Sub. No. 16). Opinion No. 11443.

Exceptions :

The cut-in circuits at the time of the inspection were not in all cases
long enough, and this condition should be corrected.

Provision must be provided at once to insure that locomotives are
not nm in train control territory with the headlight generator inoperative,
and that main switch is sealed in the "on" position.

Adequate means must be employed for obtaining and maintaining
effective track circuit and switch box insulation.

Consideration should be given to providing better fouling protection
on switch leads than is given by usual shunting of track circuit.

Train control circuit at interlocking should be so arranged that when
passing a stop home signal with track unoccupied, a red cab indication
will result.

Engines operating on two branch lines and over a portion of the
train control territory must be equipped with train control. (This re-
quirement eliminated by order dated August 21, 1926.)

Requirements : as to Maintenance, Tests, etc.

Switch boxes must be so constructed, installed, inspected and main-
tained as to afford safety in accordance with the best engineering practice.

Ballast conditions should be improved to prevent entrance of stray
currents into the rails.

Instructions, reports and records in effect at the time of inspection
relative to tests of locomotive and roadway apparatus should be continued.

Comments:
The adequacy of the protection at an interlocking plant should be

given consideration by shortening the dead sections of the crossings and
checking train stop circuits through switch and derail levers.
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Consideration should be given to the question of .controlling the 90°

signal control wire through the track relay.

Consideration be given to a form of organization for train stop main-
tenance which will eliminate dual responsibility.

Plans for providing adequate emergency power automatically con-

trolled should be considered.
Noted that cab indicator changes at all cut sections where insulated

joints are staggered and when operating at low speed brake application

received unless acknowledged.
Noted that at certain locations cab indication changes momentarily

when the rear end of a train passes over the insulated joints.

Installation : Illinois Central Railroad.

Device : Union Switch & Signal Company.
First Order: Champaign to Branch Junction, 111.

121.8 miles double track—56 locomotives.

Inspected : April 22-May 14, 1926.

I.C.C. Report: Decided August 11, 1926 (Sub. No. 20). Opinion No.
11581.

Second Order : West Waterloo, Iowa, to Ft. Dodge, Iowa.
97.5 miles single track—37 locomotives.

Inspected: May 17-June 3, 1926.

I.C.C. Report: Decided August 16, 1926 (Sub. No. 20-2). Opinion No.
11605.

Exceptions :

(Installations meet the requirements of I.C.C. specifications and order
and are approved without exceptions.)

Requirements : as to Maintenance, Tests, etc.

Instructions, reports and records in effect at the time of inspection
relative to tests of locomotive and roadway apparatus should be continued.

A form should be provided for the engineman to report failures or
irregularities in operation.

Shunt circuit through switch box should be so maintained as not
to result in improper operation of train control system.

EflFective means should be provided to overcome the presence of
stray or foreign current in the track.

It might be found desirable to provide additional fouling protection
at industry and house tracks where derails are neither pipe connected
or provided with switch boxes.

Condition caused by leakage between track rails on account of wet
weather should be overcome.
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Appendix B

(3> SIGNALING

As a matter of useful information, a list of all propositions approved

by the Signal Section, American Railway Association, by letter-ballot in

1925 and 1926, is given below. The details of this material may be obtained

from the Signal Section, American Railway Association, 30 Vesey Street,

New York City.

1925

Specification 13425—Electro-mechanical Interlocking Machine, Vertical

Locking.

Instructions for Installation, Maintenance and Operation of Nickel, Iron,

Alkaline Storage Batteries (Revision).

Instructions for Installation and Handling of Caustic Soda Batteries

(Revision).

Defiriition for Technical Terms.
Definitions for Technical Terms (Revision).

Requisites for Highway Crossing Signals (Revision).

A.R.A. Sig. Sec. 7002—Switch Circuit Controller Shunting Circuit Resist-

ance Test.

A.R.A. Sig. Sec. 7003—Train Shimt Resistance Test.

Signal Layout for Remote Switches.
Specification 6725—Electro-pneumatic Interlocking (Revision).
R.S.A. 1341—Storage Battery Separator (Revision).

R.S.A. 1241—Lead Elements (Revision).

A.R..A.. Sig. Sec. 1224—Storage Battery Jars, Covers, Hold-downs and
Sand Trays (Revision).

R.S.A. 1041—Semaphore Spectacle (Revision).

R.S.A. 1055—Switch Rod Insulation (Revision).

R.S.A. 1094—One-Inch Pipe Line Insulation (Revision).
R.S.A. 1225—Stuffing Box for One-Inch Pipe (Revision).
R.S.A. 1236—Two-way Single-Lamp Signal (Revision).
R.S.A. 1357—Ladders for Two-Way Single-Lamp Signal (Revision).

1926

Specification 12526—Electro-mechanical Interlocking Machine, S. & F. Minia-
ture Locking (Revision).

Specification 13226i^—Electro-mechanical Interlocking Machine, Unit Electric
Levers, S. & F. Locking (Revision).

Specification 13826—Application of Electric Locks and Circuit Controllers
to Mechanical Interlocking Machines (New).

Factors Which Govern in Determining the Type of Interlockings Which
Should Be Installed (New).

Instructions for Testing Electric Locking (New).
Instructions for Inspecting and Testing Mechanical Locking of an Inter-

locking Machine (New).
Definitions for Technical Terms Used in Signaling- (Revision).
Resistance of D. C. Relays (New).
Specification 14026—Preservative Treatment of Capping and Grooved

Trunking CNcav).
Specification 8226—Friction Tape for Railroad Use (Revision).
Flxample of Use of Unit Value Basis (New).
Figs. lA and IB (A.C. Track Circuit Characteristics) (Revision).
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Specification 13726—Oil Lighted Lamps (New).
A.R.A. Sig. Sec. 1043B—One-Arm Mechanical Ground Signal (Revision).

A.R.A. Sig. Sec. 1044B—Two-Arm Mechanical Ground Signal (Revision).

A.R.A. Sig. Sec. 1045B—Three-Arm Mechanical Ground Signal (Revision).

A.R.A. Sig. Sec. 1053B—Round Jars and Cover (Revision).

A.R.A. Sig. Sec. IIOOB—Semaphore Lamp—One Lens (Revision).
A.R.A. Sig. Sec. IIOIB—Oil Fount (Revision).

A.R.A. Sig. Sec. 1362B—Ladder Parts (Revision).
A.R.A. Sig. Sec. 1372B—Ladders for Bracket Posts (Revision).

A.R.A. Sig. Sec. 1430B—Semaphore Lamp—Two Lens (Revision).

A.R.A. Sig. Sec. 1440B—Switch Lamp (Spherical Type) (Revision).

A.R.A. Sig. Sec. 1442B—Lens Hoods and Couplings for Switch and Sema-
phore Lamps (Revision).

A.R.A. Sig. Sec. 1443B—Oil Fount (for Spherical Type Lamp—Plan 1440)
(Revision).

A.R.A. Sig. Sec. 1445B—Switch Lamp Disc (Revision).
A.R.A. Sig. Sec. 1460B—Switch Lamp (Cylindrical Type) (Revision).

A.R.A. Sig. Sec. 1461B—Switch Lamp Base-Socket (Revision).

A.R.A. Sig. Sec. 1470B—Train Marker Lamp (Revision).
A.R.A. Sig. Sec. 1480B—Engine Signal Lamp (Revision).

A.R.A. Sig. Sec. 1497B—Highway Crossing Gate Lamp Fount and Lens
Hoods (Revision).

A.R.A. Sig. Sec. 1499B—Highway Crossing Gate Lamp (Revision).
A.R.A. Sig. Sec. 1545B—Mechanical Dwarf Signal—Assembly (Revision).
A.R.A. Sig. Sec. 1552B—Base for One-Way Wall Machine (Revision).
A.R.A. Sig. Sec. 1565A—Latch Shoe and Latch Rod Assembly (New).
A.R.A. Sig. Sec. 1566A—-Latch Shoe and Latch Rod Details (New).
A.R.A. Sig. Sec. 1567A—Mechanical Dwarf Signal—Details (New).
A.R.A. Sig. Sec. 1568A—Mechanical Dwarf Signal—Details (New).
A.R.A. Sig. Sec. 1571A—Symbols—Signal Operating Characteristics (Revi-

sion).

A.R.A. Sig. Sec. 1583A—Ladders for Ground Masts (New).
A.R.A. Sig. Sec. 1584A—Ladders for Bracket and Bridge Masts (New).
A.R.A. Sig. Sec. 1585A—Ladder Parts (New).
A.R.A. Sig. Sec. 1586A—Locking Bar Splice—S. & F. Machine (New).
A.R.A. Sig. Sec. 1587A—Adjustable Lock Rod (New).
A.R.A. Sig. Sec. 1592A—Lamp Details (New).
A.R.A. Sig. Sec. 1593A—Lamp Details (New).
A.R.A. Sig. Sec. 1594A—Lamp Details (New).
A.R.A. Sig. Sec. 1595A—Lamp Details (New).
A.R.A. Sig. Sec. 1596A—Lamp Details (New).
R.S.A. 1190—Meclianical Connections for Six-Way Bracket Post (to be made

obsolete).

R.S.A. 1191—-Mechanical Connections for Three-Arm Bridge and Bracket
Masts (to be made obsolete).

A.R.A. S
A.R.A. S
A.R.A. S
A.R.A. S
A.R.A. S
A.R.A. S
A.R.A. S
A.R.A. S
A.R.A. S
A.R.A. S

g. Sec. 1373—Gage Plates—Insulated Butt Join,t (Revision).

g. Sec. 1425—Plunger Switch Lock (Revision).

g. Sec. 1426—Plunger Switch Lock—Details (Revision).

g. Sec. 1454—Gage Plate—Insulated Lap Joint (Revision).

g. Sec. 1427—Gages for Sheet Metal and Wire.
g. Sec. 1550—Semaphore Spectacle.

g. Sec. 1557—Nimierals and Letters.

g. Sec. 1558—Brackets for Numerals and Letters.

g. Sec. 1563—Electric Lamp Case—Details and Assembly.
g. Sec. 1564—Electric Lamp Case—Details.
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To the American Raihvay Engineering Association:

Your Committee respectfully presents herewith report covering the

following- subjects

:

(1) Revision of Manual.

The report of the Sub-Committee on Revision of Manual will be

found in Appendix A.

(a) Continue work of co-operation and collaboration with other organ-

izations in simplification of grading rules and classification of timber and

lumber for railway uses.

The report of the Sub-Committee on this subject will be found in

Appendix B.

(2) Continue the study of value of treated timber in wooden bridges and

trestles.

A progress report was made on this subject last year and a final report

is offered by the Sub-Committee. This report is in Appendix C.

(3) Continue the study and report on best methods of maintaining at a

minimum, consistent with economy, the quantity and multiplicity of

sizes of lumber and timber carried in railway stock.

The Sub-Committee having this subject desires additional time to

secure information and study methods. It therefore offers only a progress

report.

(4) Outline of work for ensuing year.

The Sub-Committee to which this subject was assigned has advised

the revision of the present specifications for timber piles, upon the sugges-

tion received from the Wood Preservation Committee that the specifica-

tions for piling to be treated should be based upon specifications for un-

treated piling. The Committee felt that there was not time enough after

Bulletin 293, January, 1927.
A
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the suggestion had been receivd to secure the necessary study and therefore

advised including this subject in the next year's program. The recom-

mended suggestions for future work of the Committee are therefore as

follows

:

1. Revision of the Manual.

2. Continue work of co-operation and ct)llaboration with other organ-

izations in simplification of grading rules and classification of timber for

railway uses.

3. Revision of present specifications for timber piles.

4. Continue study and co-operate with Committee XII—Rules and

Organization.

5. Study and report advantages of establishing supply yards of standard

trestle timbers at various locations throughout the country.

Action Recommended

1. That the recommended revisions of the Manual be adopted by

the Association.

2. That the new material in Appendix B be adopted for printing in

the Manual.

3. That the conclusions in Appendix C be adopted for printing in

the Manual.

Respectfully submitted,

The Committee on Wooden Bridges and Trestles,

W. E. Hawley, Chairman.
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Appendix A

(1) REVISION OF MANUAL

C. J. Hogue, Chairman, Sub-Committee ; H. Austill, Charles Chandler,

F. H. Cramer, F. M. Hawthorne, G. C. Tuthill, S. L. Wonson.

As it is the understanding that a new Alanual will be printed during

1927, the Committee on Re^'ision of the Manual has given intensive study

to the arrangement of the material on lumber and timber as adopted at the

convention in 1926 and has made many editorial changes to improve the

typography and the arrangement.

Revisions to conform to the conclusions of the General Conference

on Lumber Standards at Washington in April, 1926, have been made in

the corresponding paragraphs and tables.

In the section on Structural Grades of Lumber and Timber and the

method of their derivation, additional explanatory paragraphs have been

added.

In the section of working stresses rearrangement offered a better

grouping and additional paragraphs of explanations are included.

A further study of the column formula suggested a better expression

and the revised form is included.

The tables of working stresses were rearranged so as to facilitate the

finding of proper values for any use and grade.

The tables for data on Columns were extended and tables similar to

the beam tables are offered by .Sub-Committee A in Appendix B as new
material to complete this section.

GRADING RULES AND CLASSIFICATION OF TIMBER AND
LUMBER FOR RAILWAY USES

COMMERCIAL NAMES FOR LUMBER AND TIMBER CUT
FROM THE PRINCIPAL SPECIES OF SOFTWOODS'

The following standard commercial names for lumber and timber cut

from species of softwood as listed under botanical names shall be used in

the construction of contracts and other documents arising in transactions

of purchase and sale of American Standard Lumber. Preferred commercial

names are underscored.

Commercial Name Botanical Name

Cedars

Alaska Cedar Chama;cyparis nootkatensis

Eastern Red Cedar Juniperus virginiana

Incense Cedar Libocedrus decurrens

Northern White Cedar Thuja occidentalis

Port Or ford Cedar Chamaccyparis lawsoniana

Southern White Cedar Chamaccyparis thyoides

Western Red Cedar Thuja plicata
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Commercial Name

Red Cypress

Yellow Cypress

White Cypress

Douglas Fir

Red Fir

Red Fir

Alpine Fir

Balsam Fir

Golden Fir

Noble Fir

Silver Fir

Botanical Name

Cypress

White Fir

Eastern Hemlock
Mountain Hemlock
West Coast Hemlock

Western Larch

Arkansas Soft Pine

California White Pine

Idaho White Pine

Jack Pine

Loblolly Pine
Lodgepole Pine

Longleaf Pine
North Carolina Pine

Northern White Pine

Norway Pine

Pond Pine
Pondosa Pine

Shortleaf Pine
Slash Pine
Southern Pine

Sugar Pine

Taxodium distichum (Coast type)

Taxodium distichum (Inland type)

Taxodium distichum (Inland type)

Douglas Fir

Pseudotsuga taxifolia (Coast type)

Pseudotsuga taxifolia (Intermountain
type)

Pseudotsuga taxifolia (Rocky Moun-
tain type)

The True Firs

Abies lasiocarpa

Abies balsamea and Abies fraseri

(Southern balsam fir)

Abies magnifica

Abies nobilis

Abies amabilis

Abies concolor and Abies grandis
(lowland white fir)

Hemlocks
Tsuga canadensis

Tsuga mertensiana

Tsuga heterophylla

Larch

Larix occidentalis

Pines

Pines echinata and taeda

Pinus ponderosa and Pinus jeffreyi

(Jeffrey pine)

Pinus monticola

Pinus divaricata

Pinus taeda
Pinus contorta

Pinus palustris

Pinus taeda and echinata, and Pinus
Virginiana (Virginia Pine)

Pinus strobus

Pinus resinosa

Pinus serotina

Pinus ponderosa

Pinus echinata

Pinus caribaea

Pinus taeda, palustris, serotina, echi-

nata, and caribaea, and Pinus rigida

(pitch pine) and Pinus glabra
(spruce pine)

Pinus lambertiana
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Commercial Name Botanical Name
Redwood

Redwood Sequoia sempervirens

Spruces

Eastern Spruce Picea mariana (black spruce), Picea
rubra (red spruce), and Picea glau-

ca (white spruce)
Engelmann Spruce Picea engelmanni and Picea parryana

(blue spruce)
Sitka Spruce Picea sitchensis

Tamarack
Tamarack Larix laricina

USE CLASSIFICATION
Lumber is the product of the saw and planing mill not further manu-

factured than by sawing, resawing, and passing lengthwise through a

standard planing machine, crosscut to length, and matched.

Lumber is classified as (a) yard lumber, (b) structural timbers, and

(c) shop or factory lumber. Different grading rules apply to each class

of lumber.

Yard lumber is lumber that is less than six (6) inches in thickness and
• is intended for general building purposes. The grading of yard lumber is

based upon the use of the entire piece.

Structural timber is lumber that is six (6) inches or over in thickness

and width. The grading of structural timbers is based upon the strength

of the piece and the use of the entire piece.

Shop or factory lumber is lumber intended to be cut up for use in

further manufacture. It is graded on the basis of the percentage of the

area which will produce a limited number of cuttings of a given minimum
size and quality.

SIZE CLASSIFICATION
Strips are yard lumber less than two (2) inches thick and under eight

(8) inches wide.

Boards are yard lumber less than two (2) inches thick, eight (8) inches

or over in width.

Dimension includes all yard lumber except boards, strips and timbers,

that is, yard lumber two (2) inches and under six (6) inches thick, and

of any width.

Planks are yard lumber two (2) inches and under four (4) inches

thick and eight (8) inches and over wide.

Scantlings are yard lumber two (2) inches and under six (6) inches

thick and under eight (8) inches wide.

Heavy joists are yard lumber four (4) inches and under six (6) inches

thick and eight (8) inches or over wide.

MANUFACTURING CLASSIFICATION
Manufactured lumber is classified as rough, surfaced, and worked.

Rough lumber is undressed lumber as it comes from the saw.
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Surfaced lumber is lumber that is dressed by running through a planer.

It may be surfaced on one side (SIS), two sides (S2S), one edge (SIE),

two edges (S2E), or a combination of sides and edges (SISIE) (S2S1E)
(S1S2E) or (S4S).

Worked lumber is lumber which has been run through a matching

machine, sticker or molder. Worked lumber may be matched, shiplapped

or patterned.

Matched lumber is lumber that is edge dressed and shaped to make a

close tongue and groove joint at the edges or ends when laid edge to edge

or end to end.

Shiplapped lumber is lumber that is edge dressed to make a close

rabbetted or lapped joint when laid edge to edge.

Patterned lumber is worked lumber that is shaped to a patterned or

moulded form.

DEFINITIONS OF MAXIMUM DEFECTS AND BLEMISHES

The following definitions vary slightly from the definitions of the

American Lumber Standards. Definitions of regional lumber associations

also vary slightly from American Lumber Standards. This should be con-

sidered in making contracts.

The terms "Defect" and "Blemish" as applied to wood usually imply

the idea of imperfections. These are not always detrimental.

Defect.—Any irregularity or want occurring in or on wood that may
lower some of its strength, durability or utility values.

Blemish.—Any mark or formation of wood structure, not classified as a

defect, marring the appearance of the wood.

The presence of a defect or blemish may or may not be detrimental

to the value of the material, depending upon the character of the defect

or blemish and the use of the material.

Bark Pocket

Bark Pocket.—A patch of bark partially or wholly enclosed in the wood.

In size it is classified the same as pitch pockets.

Bird's-eye

"Bird's-Eye."—A small central spot with the wood fibers arranged around

it in the form of an ellipse, so as to give the appearance of an eye.

"Bird's-Eye," unless unsound or hollow, shall not be considered a defect.

Checks

Check.—A lengthwise separation of the wood, which occurs usually across

the rings of annual growth.

Surface Check.—A check occurring on the surface of the piece.

Small Surface Check.—A perceptible opening not over four (4) inches

long.

Medium Surface Check.—A check not over A inch wide and over four

(4) but not more than ten (10) inches long
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Large Surface Check.—A check over g'a inch wide and over ten (10)

inches long.

End Check.—Check occurring on an end of a piece.

Through Check.—Check extending from one surface through the piece to

the opposite surface or to an adjoining surface.

Heart Check.—Check starting at the pith and extending toward but not

to the surface of a piece.

Honeycombing.—Checks occurring in the interior of a piece, often not

visible on the surface. On a cross-section they usually appear as slits,

or as open pockets whose width may appear very large in proportion to

the radial length.

Cross Breaks

Cross Break.—A separation of the wood cells across the grain, such as

may be due to tension resulting from unequal shrinkage or mechanical

stresses.

Cross Grain

Cross Grain.—Wood in which the cells or fibers do not run parallel with

the axis, or sides, of a piece. It may be classified as spiral, diagonal,

wavy, dip, curly and interlocked grain. The slope of the grain can be

determined by observing the direction of surface checks, resin ducts,

pores of the wood, annual layers of growth, etc. A drop of stained

liquid, such as ink, tends to elongate in the direction of the grain when

placed on a smooth surface of the piece.

Spiral Grain.—Wood in which the fibers take a more or less winding

or spiral course, such as occurs in a twisted tree. It may be detected

on the flat grain (plain sawed or tangential) surface.

Diagonal Grain.—Wood in which the fibers extend at an angle (i. e.,

diagonally) across a piece as a result of sawing at an angle across the

annual layers of growth. It may appear on either the radial or tan-

gential surface.

Wavy Grain.—Wood in which the fibers take the form of waves or

undulations as indicated by the wavy surface of the split piece. It may
appear on either the radial or tangential surfaces.

Dip Grai.n.—Wood whicii has one wave or undulation of the fibers such

as occurs around knots, pitch pockets, etc.

Curly Grain.—Wood in whicli the fibers arc distorted so that they take

a curled direction as in "Bird's-Eye Wood." These patches may vary

up to several inches in diameter.

Interlocked Grain.—Wood which shows spiral grain in one direction lor

a number of years and then the slope of the grain in the succeeding

annual layers of growth turns in a reverse direction around the tree,

then later reverses back, etc.

Slight Cross Grain.—Wood in which slope of the grain is not over one

(1) inch in a length of fifteen (15) inches.
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Medium Cross Grain.—Wood in which slope of the grain is over one (1)

inch in a length of fifteen (15) inches but not more than one (1) inch

in a length of ten (10) inches.

Steep Cross Grain.—Wood in which slope of the grain is over 1 inch in a

length of 10 inches.

Decay

Decay.—A disintegration of wood substance due to the action of wood-

destroying fungi. The words "dote" and "rot" mean the same as decay.

Incipient Decay.—An early stage of decay in which the disintegration has

not proceeded far enough to soften or otherwise change the hardness

of the wood perceptibly. It is usually accompanied by a slight dis-

coloration or bleaching of the wood.

Firm Red Heart.—A stage of incipient decay characterized by a reddish

color produced in the heartwood, which does not unfit the wood for the

majority of yard purposes.

Water-Soak (or Stain).—A term applied to a generally water-soaked

area in heartwood, which is usually interpreted as the incipient stage of

certain wood rots.

Advanced (or typical) Decay.—The older stage of decay in which the

disintegration is readily recognized because the wood has become punky,

soft and spongy, stringy, ringshaked, pitted or crumbly. Decided dis-

coloration or bleaching of the rotted wood is often apparent.

Pocket Rot.—Typical decay which appears in the form of a hole, pocket,

or area of soft rot, usually surrounded by apparently sound wood.

Sound Wood.—Wood free from any form of decay, incipient or advanced,

including firm red heart, dote and rot.

Gum Spots and Streaks

Gum Spot or Streak.—An accumulation of gum-like substance occurring

as a small patch or streak in a piece. They may occur in conjunction

with a bird peck, or other injury to the growing wood. In size they

are classified the same as pitch pockets or pitch streaks.

Holes

Holes in wood may extend partially or entirely through the piece and

be from any cause.

When holes are permitted, the average of the maximum and minimum
diameters measured at right angles to the direction of the hole shall be used

in measuring the size, unless otherwise stated.

Pin worm hole—One not over tW inch in diameter.

Medium worm hole—One over -h but not more than 54 inch in diameter.

Large worm hole—One over J4 inch in diameter.

Imperfect Manufacture

Imperfect manufacture includes all defects or blemishes which are

produced in manufacturing, such as chipped grain, loosened grain, raised
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grain, torn grain, skips in dressing, hit and miss, variation in sawing, mis-

cut lumber, machine burn, machine gouge, mismatching and insufficient

tongue or groove.

Chipped Grain.—A part of the surface chipped or broken out in very short

particles below the line of cut. It should not be classed as torn grain

and, as usually found, shall not be considered a defect, unless it is

present in excess of 25 per cent of the area.

Loosened Gr.a.in.—A small portion of the wood which has become loosened

but not displaced. It occurs on the heartside of the piece and is a

serious defect, especially in flooring.

Raised Grain.—A roughened condition of the surface of dressed lumber

in which the hard summerwood is raised above the softer springwood,

but not torn loose from it.

Torn Grain.—A part of the wood which is torn out in dressing, and in

depth is of four distinct characters ; slight, medium, heavy and deep.

Slight Torn Grain.—Not more than g'a inch in depth.

Medium Torn Grain.—More than ^ but not more than ^ inch in depth.

Heavy Torn Grain.—More than tV but not more than % inch in depth.

Deep Torn Grain.—More than % inch in depth.

Skip.—An area on a piece that failed to surface.

Slight Skip.—One that failed to surface smoothly, whose area does not

exceed the product of the width of the piece in inches multiplied by

six (6).

Heavy Skip.—One that the planer knife did not touch.

Hit and Miss.—A series of skipped spots with surfaced areas between,

or with skips the entire length when not over'iV inch in depth.

Variation in Sawing.—A deviation from the line of cut.

Slight Variation.—Not more than -fe inch in one-inch material, % inch

in 2-inch, -fii in 3 to 7-inch, and % inch in 8 inches and up.

MiscuT Lumber.—That which has a greater variation in thickness or width

at different places on the piece than specified for variation in sawing.

Machine Burn.—A darkening or charring of the wood due to overheating

by the machine knives.

Machine Gouge.—A groove across a piece due to the machine cutting below

the desired line of cut.

Mismatched Material.—Worked material that does not fit tightly at all

points of contact between adjoining pieces, or in which the surfaces of

adjoining pieces are not in the same plane.

Slight Mismatch.—A surface variation not more than i^i inch.

Medium Mismatch.—A surface variation more than n4 but not more than

A inch.

Heavy Mismatch.—A surface variation more than g'a inch.

Knots

Knot.—A portion of a branch or limb which has Ix-cnme incorporated in tin-

body of the tree. Knots are classified according to size, form, quality
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and occurrence. They are measured on the surface of the piece. The

average of the maximum and minimum diameters shall be used in

measuring the size of knots, unless otherwise stated.

Size

Pin Knot.—One not more than J4 inch in diameter.

Small Knot.—One more than Yz inch but not more than 54 i"ch in diameter.

Medium Knot.—One more than ^ inch but not more than IJ^ inches in

diameter.

Large Knot.—One more than V/z inches in diameter.

Form

Round Knot.—One oval or circular in form.

Spike Knot.—A branch or limb sawed in a lengthwise direction.

Quality

Sound Knot.—One solid across its face, as hard as the surrounding wood,

and showing no indications of decay. It may vary in color from red

to black.

Unsound Knot.—One solid across its face but containing incipient decay.

Decayed Knot.—One softer than the surrounding wood and containing

advanced decay.

Tight Knot.—One so fixed by growth or position that it will firmly retain

its place in the piece.

Intergrown Knot.—One whose rings of annual growth are completely

intergrown with those of the surrounding wood.

Watertight Knot.—One whose rings of annual growth are completely

intergrown with those of the surrounding wood on one surface of the

piece, and which is sound on that surface.

Encased Knot.—One whose rings of annual growth are not intergrown and

homogeneous with those of the surrounding wood. The encasement

may be partial or complete; or pitch or bark.

Loose Knot.—One not held firmly in place by growth or position and

which cannot be relied upon to remain in place in the board.

Pith Knot.—A sound knot with a pith hole not more than J4 inch in

diameter.

Hollow Knot.—An apparently sound knot with a relatively large hole in it.

Occurrence

Single Knot.—One occurring by itself with the fibers of the wood in

which it occurs deflected around it.

Knot Cluster.—Two or more knots grouped together as a unit with the

fibers of the wood deflected around the entire unit. A group of single

knots is not a knot cluster.

Branch Knots.—Two or more knots branching from a common center.
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Pitch

Pitch.—A poorly defined accumulation of resin in the wood cells in a more

or less irregular patch.

Light Pitch.—Lightly evident presence of pitch.

Medium Pitch.—Slightly more evident trace of pitch than the light pitch.

Heavy Pitch.—Very evident presence of pitch showing by its color and

consistency.

Massed Pitch.—A clearly defined accumulation of solid pitch in a body by

itself in a piece of lumber.

Pitch Pockets

Pitch Pocket.—A well defined opening between rings of annual growth

usually containing, or which has contained, more or less pitch, either

solid or liquid. Bark also may be present in the pocket.

Very Small Pitch Pocket.—One not more than % inch in width and

not over two (2) inches in length.

Small Pitch Pocket.—One not more than % inch in width and not more

than 4 inches in length, or not more than 54 inch in width and not

more than 2 inches in length.

Medium Pitch Pocket.—One not more than ^ inch in width and not

more than 8 inches in length, or not more than ^ inch in width and

not more than 4 inches in length.

Large Pitch Pocket.—One whose width or length exceeds the maximum

stated as permissible for a medium pitch pocket.

Closed Pitch Pocket.—One that does not show an opening on both sides

of the piece.

Pitch Seam

Pitch Seam.—A shake or check which is filled with pitch.

Pitch Streaks

Pitch Streak.—A well-defined accumulation of pitch in a more or less

regular streak.

Small Pitch Streak.—One not more than 1/12 the width by 1/6 the

length of the surface on which it occurs.

Medium Pitch Streak.—One more than 1/12 but not more than 1/6 the

width, by over 1/6 but not more than 1/3 the length of the surface

on which it occurs.

Large Pitch Streak.—One more than 1/6 the width by 1/3 the length of

the surface on which it occurs.

Pith

Pith.—The small soft core occurring in the structural center of the log.

The wood immediately surrounding the pith often contains small checks,

shake, or numerous pin knots, and is discolored ; any such combination

of defects and blemishes is known as heart center.
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Pith Fleck

Pith Fleck.—A narrow streak resembling pith, usually brownish, up to

several inches in length on the surface of a piece resulting from bur-

rowing of larvae in the growing tissue of the tree.

Shake

Shake.—A lengthwise separation of the wood, which occurs usually between

and parallel to the rings of annual growth.

Fine Shake.—One with a barely perceptible opening.

Slight Shake.—One with more than a perceptible opening but not more

than s'a inch in width.

Medium Shake.—One with an opening more than ^ but not more than %
inch width.

Open Shake.—One with an opening more than % inch wide.

Through Shake.—One extending from one surface through the piece to

the opposite surface or to an adjoining surface.

Splits

Split.—A lengthwise separation of the wood, due to the tearing apart of

the wood cells.

Short Split.—One whose length does not exceed either the width of a

piece or 1/6 its length.

Medium Split.—One whose length exceeds the width of a piece, but does

not exceed 1/6 its length.

Long Split.—One whose length exceeds 1/6 the length of a piece.

Stain (or Discoloration)

Stain.—Discoloration, occurring on or in lumber, of any color other than

the natural color of the piece on which it appears. It is classified as

light, medium and heavy.

Light Stain.—A slight difiference in color which will not materially impair

the appearance of the piece if given a natural finish.

Medium Stain.—A pronounced difiference in color which, although it does

not obscure the grain of the wood, would customarily be objectionable

in a natural but not in a painted finish.

Heavy Stain.—A difference in color so pronounced as practically to obscure

the grain of the wood.

Wane
Wane.—Bark, or lack of wood, from any cause, on the edge or corner

of a piece.

Slight Wane.—Not more than % inch wide on the surface on which it

appears, for 1/6 the length and J4 the thickness of the piece.

Medium Wane.—More than 54 inch but not more than J^ inch wide on the

surface on which it appears, for 1/6 the length and % the thickness of

the piece.

Large Wane.—More than J4 inch wide on the surface on which it appears,

and/or over 1/6 the length and }4 the thickness of the piece.



Wooden Bridges and Trestles 333

Warp

Warp.—Any variation from a true or plane surface. It includes bow, crook,

cup, or any combination thereof.

Bow.—Deviation flatwise from a straight line drawn from end to end of a

piece, measured at the point of greatest distance from the straight line.

Crook.—Deviation edgewise from a straight line drawn from end to end

of a piece, measured at the point of greatest distance from the straight

line. It is known as slight, small, medium and large.

Based on a piece 4 inches wide and 16 feet long, the distances for

the different degrees of crook shall be for

:

Slight crook, a maximum of 1 inch.

Small crook, a maximum of IJ^ inches-

Medium crook, a maximum of 3 inches.

Large crook, more than 3 inches.

For wider pieces it shall be % inch less for each additional 2

inches of width. Shorter or longer pieces may have the same curvature.

Cup.—A curve in a piece across the grain or width of a piece. It is measured

at the point of greatest deviation from a straight line drawn from edge

to edge of a piece. It is known as slight, medium and deep.

Based on a piece 12 inches wide, the distances for the different

degrees of cup shall be for

:

Slight cup, a maximum of J4 inch.

Medium cup, a maximum of % inch.

Deep cup, a maximum of J^ inch.

Narrower or wider pieces may have the same curvature.

STANDARD LUMBER ABBREVIATIONS

The following standard lumber abbreviations when used in the con-

struction of contracts and other documents arising in transactions of

purchase and sale of American standard lumber shall be construed as

herein provided:

AD
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CBIS&E

CB2S&E

c.&f.

c.i.f.

c.i.f.e.

Clg.

Clr.

CM

Com.
Coop.
Csg.
Ctg.
cu.ft.

Cust.

CVIS&E

CV2S&E

D&CM
D&K

D&M

D&SM
I)2S&CM
nzs&M
D2S&SM
Dim.
D.S.
E.

ECM
EM
ESM
exp.

FAS

f.a.s. vessel

Edge and center bead one side; i. e., surfaced one or

two sides and with a longitudinal edge and center

bead on a surfaced face.

Edge and center bead two sides; i. e., all four sides

surfaced and with a longitudinal edge and center

bead on the two faces.

(named port) Cost and freight to named port. Term
used when the seller is ready to go farther than the

delivery of his goods upon a vessel and is willing

to pay transportation to another port.

(named port) Cost, insurance, and freight to a named
port. Term used when the seller desires to quote a
price covering the cost of the goods, the marine in-

surance on the goods, and all transportation charges
to the point of delivery.

(named port) Cost, insurance, freight and exchange to

a named port. This is the same as c.i.f. with the

additional provision that the seller guarantees the

buyer against loss due to a decline in the rate of

exchange.
Ceiling
Clear
Center matched; i. e., the tongue and groove joints are

worked along the center of the edges of the piece.

Common
Cooperage (stock)

Casing
Crating
Cubic foot

Custom (sawed)
Edge and center V one side; i. e., surfaced one or two

sides and with a longitudinal edge and center

V-shaped groove on a surfaced face.

Edge and center V two sides ; i. e., all four sides sur-

faced and with a longitudinal edge and center

V-shaped groove on the two faces.

Dressed (one or two sides) and center matched.
Dressed and headed; i. e., dressed one or two sides and

worked to tongue and groove joints on both the edge
and the ends.

Dressed and matched ; i. e., dressed one or two sides and
tongued and grooved on the edges. The match may
be center or standard.

Dressed (one or two sides) and standard matched.
Dressed two sides and center matched.
Dressed two sides and (center or standard) matched.
Dressed two sides and standard matched.
Dimension
Drop siding

Edge
Ends center matched
End matched—either center or standard
Ends standard matched
Export (lumber or timber)
Firsts and Seconds—a combined grade of the two upper

grades of hardwoods.
(named port) Free alongside vessel at a named port.

Term used when the seller desires to quote a price

covering delivery of the goods alongside a vessel

and within reach of its loading tackle.
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f .bk. Flat back
fcty. Factory (lumber)
F.G. Flat grain

Fig. Flooring
f.o.b. (named shipment point) Free on board at a named ship-

ping point. Term used when the price quoted

applies only to an inland shipping point and the seller

merely undertakes to load the goods on or in cars

or lighters furnished by the railroad company serv-

ing the industry, or most conveniently located to the

industry, without other designation as to routing.

f.o.l>. (named point) Freight prepaid to (named point). Free
on board at a named point and freight prepaid to a

named point. Term used when the seller quotes a

price including transportation charges to a given

point without assuming responsibility for the goods
after obtaining a clean bill of lading at point of

origin.

f.o.b. (named point) Freight allowed to (named point). Free
on board at a named point and freight allowed to a

named point. Term used where the seller wishes to

quote a price from which the buyer may deduct the

cost of transportation to the point of destination,

without the seller assuming responsibility for the

goods after obtaining a clean bill of lading at the

point of origin.

f.o.b. cars (named destination point) Free on board cars at a

named destination point. Term used when the seller

desires to quote a price covering the transportation

of the goods to a given point, assuming responsibility

for loss and/or damage up to that point.

f.o.b, cars (named point) Free on board cars at a named point less

carload lots. Term used when the goods on which
a price is quoted to a given point, constitutes less

than a carload lot.

f.o.b. (named port) Lighterage free. Free on board at a

named port with lighterage free. Term used when
seller desires to quote a price which will include the

expense of transportation of the goods by rail to the

seaboard, including lighterage.

f.o.b. vessel (named port) Free on board vessel at a named port.

Term used when the seller desires to quote a price

covering all expenses up to and including delivwy
of the goods upon a vessel at a named port.

f .o.k. Free of knots.

f.o.w. First open water.
Frm. Framing.
ft. Foot or feet. Also one accent (')• See symbols.
ft. b.ni. Feet board measure.
ft. s.m. Feet surface measure.
Fiim. Furniture (stock).

G.R. Grooved roofing.

H.bk. Hollow back.

Hdl. Handle (stock).

hdwd. Hardwood.
Hrt. Heart.
Hrtwd. Heartwood.
Is&2s '^ One and Twos—a combined grade of the hardwood

grades of firsts and seconds.
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Impl.

in.

KD
k.d.

Ibr.

l.cl.

Igth.

Igr.

lin. ft.

LR
LR.MCO
Lth.

M.
M. b.m.

MCO
Merch.
m.l.

Mldg.
MR
M.s.m.
m.w.
No.
Ord.
P.

Pat.

Pky.
Pin.

Pn.
Prod.

Qtd.
rdm.
res.

Rfg.
Rfrs.

rip.

r.l.

rnd.

R. Sdg.
r.w.

S&E
SIE
S2E
SIS
S2S
SISIE
S2S1E
S1S2E
S4S
S4SCS
S&CM
S&M

S&SM
S2S&CM
S2S&M
S2S&SM

Implement (stock).

Inch or inches. Also two accent marks (")• See symbols.

Kiln-dried.

Knocked down.
Lumber.
Less carload lots.

Length.
Longer.
Linear foot ; i. e., 12 inches.

Log run.

Log run, mill culls cut.

Lath.
Thousand.
Thousand (feet) board measure.

Mill culls out.

Merchantable.
Mixed lengths.

Moulding.
Mill run.

Thousand (feet) surface measure.
Mixed widths.

Number.
Order.
Planed.

Pattern.

Pecky.
Plain, as plain sawed.
Partition.

Production.

Quartered—when referring to hardwoods.
Random.
Resawed.
Roofing.
Roofers.
Ripped.
Random lengths.

Round.
Rustic siding.

Random widths.

Surfaced one side and one edge.

Surfaced one edge.

Surfaced two edges.

Surfaced one side.

Surfaced two sides.

Surfaced one side and one edge.

Surfaced two sides and one edge.

Surfaced one side and two edges.

Surfaced four sides.

Surfaced four sides with a calking seam on each edge.

Surfaced (one or two sides) and center matched.

Surfaced and matched ; i. e., surfaced one or two sides

and tongued and grooved on the edges. The match
may be center or standard.

Surfaced (one or two sides) and standard matched.
Surfaced two sides and center matched.
Surfaced two sides and (center or standard), matched.

Surfaced two sides and standard matched.
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Yard Lumber

2. The term "yard lumber" as here used means lumber that is manu-

factured and classified into those sizes, shapes, and qualities required for

ordinary construction and general purpose uses. Heavy timbers for struc-

tural purposes, softwood factory lumber, hardwood factory lumber, and

other special-use materials are not considered yard stock.

GRADE STANDARDS
Grades

3. On the basis of quality, yard lumber is divided into two main

divisions: (a) Select lumber, and (b) Common lumber.

These are again divided into two classes

—

Select lumber into

(1) that suitable for natural finishes and

(2) that suitable for paint finishes;

Common lumber into

(1) that which can be used without waste and

(2) that which permits some waste. Each of these four classes is

further divided into quality classes or grades.

SELECT LUMBER
Select Lumber

4. Lumber which is generally clear, containing defects limited both

as to size and number and which is smoothly finished and suitable for use

as a whole for finishing purposes or other uses in which large, clear pieces

are required, shall be considered Select Lumber.

5. Two classes shall be recognized. The first shall be suitable for

natural finishes. The second class permits similar defects, and, in addition,

blemishes of somewhat greater extent than those of the first class, but of

a type which can be covered by paint.

Grade names are A, B, C, and D.

COMMON LUMBER
Common Lumber

6. Lumber containing numerous defects and blemishes which preclude

it from use for finishing purposes, but which is suitable for general utility

and construction purposes shall be considered Common lumber.

7. Two general classes shall be recognized. The first shall be suitable

for use as a whole for purposes in which surface covering or strength is

required. Defects and blemishes permitted in this class must be sound.

The second class permits very coarse defects which may cause waste in

the use of the piece.

Board Grade Names : No. 1 Common, No. 2 Common, No. 3 Common,
Noi. 4 Common, and No. 5 Common.

Dimension Grade Names : No. 1 Common, No. 2 Common, and No. 3

Common.
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BASIC GRADE CLASSIFICATION FOR YARD LUMBER
8.

Grade A—Prac-
tically free from

Suitable for defects.

natural finishes i Grade B—Allows
a few small de-

SELECT
Lumber of good
appt'arance and"
finishing qualities

Total products of

a typical log ar-

ranged in series

according to
quality as deter-

mined by ap-

pearance.

Suitable for

paint finishes

COMMON
_

Lumber contain-

ing defects or

blemishes which
detract from a
finish appearance
but which is suit-

able for general

utility and con-
struction purposes

Lumber suitable

for use without

waste

Lumber permit-

ting waste

. fects or blemishes.

r Grade C—Allows
a limited number
of small defects

or blemishes that

can be covered
with paint.

Grade D—Allows
any number of
defects or blem-
ishes which do
not detract from
a finish appear-
ance, especially

.when painted.

No. 1 Common

—

Sound and tight

knotted stock.
Size of defects

and blemishes
limited. May be
considered water-
tight lumber.

No. 2 Common

—

Allows large and
coarse defects.

May be consider-

ed grain-tight
> lumber.

rNo. 3 Common

—

Allows larger and
coarser defects

than No. 2 and
occasional knot
holes.

No. 4 Common

—

Low quality lum-
ber admitting the

coarsest defects
such as rot and
holes.

No. 5 Common

—

Must hold to-

gether under ordi-

nary handling.
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Refer to Regional Associations

9. With the above as a basis the various regional lumber manufac-

turer's associations have published grading rules in detail for their products

and reference should be made to these rules in interpreting the practical

application of, these divisions of lumber into quality classes.

10. As in the case of definitions, some of the provisions vary slightly

from the American Lumber Standards and the particular rules under which

shipment is to be made should be considered in making contracts.

GENERAL PROVISIONS

Variation in Grading and Inspection

11. The grading of lumber cannot be considered an exact science,

because it is based on a visual inspection of each piece and on the judgment

of the grader. The provisions of these specifications, however, are suffi-

ciently explicit to establish 5 per cent below grade as a reasonable variation

between graders.

Better Face

12. Except in dimension, the grade of yard lumber, rough or surfaced

two sides, shall be determined from the better or face side of the piece,

Surfaced Face

and lumber which is surfaced one side only shall be graded from the sur-

faced side.

Poorest Piece

13. The rules for yard lumber prescribe the number and extent of de-

fects and blemishes in the poorest pieces admissible in each grade.

Area of Piece

14. The number of defects and blemishes permitted varies as the area

of the piece to be graded increases or diminishes in respect to the standard

size specified, but the size of the defects must not exceed that allowed by

the grading rules.

Combinations of Defects

15. When defects or blemishes or combinations thereof, not described

in these grading rules are encountered, they will be considered as equivalent

to known defects according to their damaging effect upon the piece in the

grade under consideration.

Vertical Grain

16. Material shall be considered vertical grain when the rings (so-

called grain) form an angle of 45 degrees or more with the surface of the

piece. When the angle becomes less than 45 degrees at any point, the

material shall be known as flat (slash) grain.
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Mixed Grades

17. Mixed grades other than the two highest recognized grades for

each species, not specifying the proportion of each grade, are not American

Lumber Standard grades.

SIZE STANDARDS

18. The thickness and width of finished lumber, SIS or S2S and/or

SIE or S2E, shall be in accordance with following tables:

, Finish, Common Boards and Strips, and Dimension

(The thicknesses apply to all widths and the widths to all thicknesses)

Dressed dimejision at standard corn-

Size, board measure mercially dry shipf^ing weight

Product
Yard Industrial

Thickness Width Thickness Thickness Width
Inches Inches Inches Inches Inches

Finish

1

VAm
2

2/2
3

3

4
5

6
7

8

9
10

11

12

H
M
1^
lA

m
2^
2H

26/32

1-6/8

2H
3J/2

4J4
sy2

6/

1014

Common Boards
and Strips

Dimension

1

IH

2

2V2
3

4
over 4

3
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Siding, Flooring, Ceiling, Partition, Shiplap, and Dressed and Matched

19.

(The thicknesses apply to all widths and the widths to all thicknesses)

Dressed dimension at standard com

Product
Size, hoard measure mercially dry shipping weight

Thickness
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Factory Flooring, Heavy Roofing, Decking and Sheet Piling

20.

(The thicknesses apply to all widths and the widths to all thicknesses)

Dressed dimension at standard com-
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2 by 4 inches, 6 and 8 inches

—

9 and 11 feet.

2 by 8 inches, and 10 inches—13 feet.

2 by 10 inches—15 feet

8 by 8 inches, 10 by 10 inches, 10 by 12 inches, 12 by 12 inches,

14 by 14 inches, 16 by 16 inches, 18 by 18 inches—11 and
13 feet.

6 by 16 inches, 6 by 18 inches, 8 by 16 inches, 8 by 18 inches

—

15 and 17 feet.

*7 by 16 inches, 9 by 16 inches, 9 by 18 inches

—

15 and 17 feet.

*Not mentioned in American Lumber Standards, but necessary in railroad use.

WORKINGS
Flooring ,

25. The standard working of flooring, 4 inches or under in width

shall be S2S, SM, scratched back.

End Trimming

26. Unless otherwise stated in the contract of purchase, yard lumber

shall be double end-trimmed with a tolerance of not to exceed 3 inches in

excess of nominal length.

DESCRIPTION, MEASUREMENT AND TALLY

Tally Standard and Special

27. The thicknesses and widths of lumber as specified in Sections

18, 19, 20, 21, 22 and 23 shall be considered standard. All other sizes

shall be considered special.

Description

28. Lumber of standard size shall be described by those standard

dimensions.

Thin Lumber
29. Lumber of standard size shall be tallied board measure. On

lumber of standard thickness less than 1 inch (board measure), the board-

foot measurement shall be based on the surface dimensions.

Tally of Dressed Lumber

30. The board measurement of dressed lumber of standard size shall be

based upon the corresponding nominal dimensions of rough green lumber.

Special Size

31. Lumber finished to special size shall be counted (tallied) as of the

standard rough size necessarily used in its manufacture.

Stock Sizes

32. Material shipped on stock sizes shall be tallied by the number of

pieces of each size and length in the shipment.

33. In shipments measured on board measure a piece tally in board feet

shall be made.

Fractions of Board Foot

34. In material measured with a board rule on actual widths, pieces
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measuring to the even half foot shall be alternately counted as of the next

higher and lower foot count, fractions below the one-half foot shall be

dropped, fractions above the one-half foot shall be counted as of the

next higher foot.

SHIPPING PROVISIONS
Invoice Dimensions of Non-Standard Lumber

35. The actual thickness and width of lumber shipped when not of

standard size shall be indicated on invoice.

Uneven Sawing

36. In shipments of rough boards and finish, pieces one-half inch or

more above the count thickness, such as may be produced by uneven sawing,

may, at the option of the buyer, be rejected, or accepted as of the next

lower grade.

Average Length

27. The average length of a shipment of lumber shall be computed by

dividing the total length in feet by the total number of pieces in a shipment.

Bundling

38. Each length of bundle stock shall be bundled separately.

SHINGLES

Grades

Grades

39. The basic grades of shingles shall be A, B, C, and D.

Sizes

Sizes

40. Sixteen-inch 6/2 shingles and 18-inch 5/2 shingles shall be

eliminated.

4L Dimension shingles shall be sold full net count, no dimension shingle

to be less than J^ inch scant of the specified width when dried.

SHIPPING PROVISIONS
Dryness and Shippings Weight

42. The kiln-dried weight of shingles shall be not more than 10 per

cent under the present association shipping weights.

Openings

43. The openings shall not exceed an average of 1 inch to the course

in random width shingles.

STANDARD GRADES OF RED CEDAR SHINGLES

Random Widths

A
To be strictly clear, edge grain, and free from sap. Random widths.
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24" Shingles 4/2"

44. No shingle to be narrower than 4 inches. To be packed 14/14

courses to bunch; 9 bunches to "M"; 4 bunches to "square" 7j4 inches

exposure, 3 bunches to "square" 10 inches exposure. Bunches must measure

7 inches across butts when green, 6^ inches when dry.

18" Shingles S/2%"

45. No' shingle to be narrower than 3 inches. If packed by "M" must

count 20/20 courses to bunch, 5 bunches to "M." Bunches must measure 9

inches across butt when green, 8^ inches when dry. If packed by the

"square" must count 18/18 courses to bunch, 4 bunches to square. Bunches

must measure 8% inches across butts when green, 7% inches when dry.

16" Shingles 5/2"

46. No shingle to be narrower than 3 inches. If packed by "M" must

count 25/25 courses to bunch, 4 bunches to "M." Bunches must measure

10 inches across butts when green, 9^ inches when dry. If packed by the

"square" must count 20/20 courses to bunch, 4 bunches to square, or 5 to

"M." Bunches must measure 8 inches across butts when green, 7^ inches

when dry.

B

47. To be strictly clear. Not less than 50 per cent edge grain, with

not to exceed J4 inch sap on any portion of the 5 inches measured from the

butt, on one edge only.

24" Shingles 4/2"

48. None.

18" Shingles 5/2^"

49. No shingle to be narrower than 3 inches. If packed by "M" must

count 20/20 courses to bunch, 5 bunches to "M." Bunches must measure 9

inches across butts when green, 8}i inches when dry. If packed by the

"square" must count 18/18 courses to bunch, 4 bunches to square. Bunches

must measure 8^ inches across butts when green, 7% inches when dry.

16" Shingles 5/2"

50. No shingle to be narrower than 3 inches. If packed by "M" must

count 25/25 courses to bunch, 4 bunches to "M." Bunches must measure 10

inches across butts when green, 9}i inches when dry. If packed by "square"

must count 20/20 courses to bunch, 4 bunches to square, or 5 to "M."

Bunches must measure 8 inches across butts when green, 7^ inches when

dry.

51. Ten-inch clear butts and better for 16 and 18-inch shingles and

16-inch clear butts and better for 24-inch shingles not permitted in higher

grades. Sap permitted.
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24" Shingles 4/2"

52. No shingle to be narrower than 3 inches. To be packed 14/14

courses to bunch ; 9 bunches to "M" ; 4 bunches to "square" 7j^ inches

exposure, 3 bunches to "square" 10 inches exposure. Bunches must measure

6}i inches across butts when green, 6j^ inches when dry.

18" Shingles 5/2J4"

53. No shingle to be narrower than 2j^ inches. If packed by "M"
must count 20/20 courses to bunch, 5 bunches to "M." Bunches must meas-

ure 8^ inches across butts when green, 8j4 inches when dry. If packed by

the "square" must count 18/18 courses to bunch, 4 bunches to square.

Bunches must measure 7^ inches across butts when green, 7% inches

when dry.

16" Shingles 5/2"

54. No shingle to be narrower than 2^ inches. If packed by "M" must

count 25/25 courses to bunch, 4 bunches to "M." Bunches must measure

9->4 inches across butts when green, 9^ inches when dry. If packed by the

"square" must count 20/20 courses to bunch, 4 bunches to square, or 5 to

"M." Bunches must measure 7j4 inches across butts when green, 7^2

inches when dry.

55. Six-inch clear butts for 16 and 18-inch shingles, 10-inch clear

butts for 24-inch shingles. Sap permitted.

24" Shingles 4/2"

No shingle to be narrower than 2 inches. Permits shims and feather tips

20 inches long. To be packed 14/14 courses to bunch; 9 bunches to "M" ; 4

bunches to "square" 7]/i inches exposure, 3 bunches to "square" 10 inches

exposure. Bunches must measure 6}i inches across butts when green, 6^2

inches when dry.

18" Shingles 5/2^"

56. No shingle to be narrower than 2 inches. Permits shims and

feather tips 16 inches long. If packed by "M" must count 20/20 courses to

bunch, 5 bunches to "M." Bunches must measure 8)4 inches across butts

when green, 8j4 inches when dry. If packed by the "square" must count

18/18 courses to bunch, 4 bunches to square. Bunches must measure 7}i

inches across butts when green, 7^ inches when dry.

16" Shingles 5/2"

57. No shingle to be narrower than 2 inches. Permits shims and

feather tips 14 inches long. If packed by "M" must count 25/25 courses

to bunch, 4 bunches to "M." Bunches must measure 9^2 inches across butts

when green, 9% inches when dry. If packed by the "square" must count

20/20 courses to bunch, 4 bunches to square, or 5 to "M." Bunches must

measure 7j/i inches across butts when green, 7% inches when dry.
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GENERAL RULES
58. All A and B grade shingles must be parallel (a 16 or 18-inch

A or B shingle not over J4 inch off parallel or a 24-inch A shingle not over

^ inch off parallel shall be considered parallel), uniform in thickness, and

well manufactured. This means shims and feather tips are not permitted

;

smoothness of faces and butts must be first-class. Badly cross-grained

shingles not permitted.

59. No full flat-grain shingle wider than 10 inches permitted in

grade B, and no shingle wider than 14 inches permitted in A and B grades

;

1 inch over and under in length is permitted in 10 per cent. Shingles cut

from equalized blocks may be % inch less than the standard length. C
grade admits slight irregularities in thickness. A shingle in C grade, not

over ^ inch off parallel, shall be considered parallel.

60. When reference is made to edge grain, percentage of edge grain

shall be determined by the proportion of actual linear measurement of edge

grain to full linear measurement of shingles. In 16 and 18 inch A and B
grades not more than 10 per cent of any shipment may be less than 4 inches

in width.

61. All shingles to be packed in straight courses in regulation frames

20 inches in width with band sticks not less than 19^ inches long. Openings

shall not exceed an average of 1 inch to the course in random width

shingles. Discrepancy in inspection in any grade shall not exceed 4 per

cent.

SOFTWOOD FACTORY AND SHOP LUMBER
GENERAL PROVISIONS

Grade by Cuttings

62. The grade of factory lumber shall be determined by the per-

centage of the area of each board or plank available in cuttings of specified

or given minimum sizes and qualities.

63. The grade of softwood factory boards or plank or shop lumber

shall be determined from the poor face, although the quality of both sides

of each cutting must be considered.

64. When lumber is crooked, bowed, cupped or twisted, the cut-

tings must be so laid out as to be flat and straight along the edges.

Measurement—Fractions

65. Board measurement shall be used in measuring factory lumber.

When measured with a board rule, pieces measuring to the even half foot

shall be alternately counted as of the next higher and the next lower

surface foot; fractions below the half foot shall be dropped, and fractions

above the half foot shall be counted as of the next higher foot.

Thicker Than 1"

66. To determine the board foot contents of material thicker than

1 inch the surface measure should be multiplied by the nominal thickness

in inches and fractions of an inch.
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Based Upon Rough Green

67, The board measurement of dressed factory lumber of standard

and extra-standard size shall be based upon the corresponding standard

dimension of rough green lumber.

SIZES

Dressed Thicknesses

Thicknesses

68. The following thicknesses of factory lumber shall be considered

standard. All other thicknesses shall be considered special.

Finished thicknesses, SIS or S2S at commercially dry shipping weight

Size
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FACTORY PLANK
Factory lumber graded
with reference to its

use for doors, sash
and other cuttings.

FACTORY CLEARS

Upper grades of factory-

plank containing a high
percentage of best quality

cuttings.

GRADE CLASSIFICATIONS FOR SOFTWOOD FACTORY PLANK
72. fNo. 1 and 2 Clear Fac-

tory—Lumber practically

clear in wide sizes, to

contain not less than 85
per cent of No. 1 door
cuttings ; not including

pieces with over 2 mun-
tins, or muntins only.

No. 3 Clear Factory

—

Lumber containing not
less than 70 per cent of
No. 1 door cuttings ; not
including pieces with over
2 muntins, or muntins
only.

No'. 1 Shop—Lumber of

high quality factory grade
containing not less than
50 per cent of No. 1 door
cuttings ; allowing, if

necessary, one No. 2 stile

in any piece, but no pieces

with over two muntins,
or muntins only.

No. 2 Shop—Lumber
containing not less than
25 per cent of No. 1 door
cuttings, or 40 per cent of
No. 2 door cuttings, or

3314 per cent of mixed
door cuttings.

No. 3 Shop—Lumber of
a shop type below the

grade of No. 2 Shop and
better than box lumber.

QUALITY OF CUTTINGS
Cuttings No.. 1 and 2

73. In determining the grades of Factory Plank, two grades of cut-

tings shall be recognized. These shall be known as No. 1 and No. 2

Cuttings and shall conform to the following rules.

Defects

74. No. 1 Cuttings shall be free from defects on both sides. No
restrictions shall be made upon bright sapwood.

75. No. 2 Cuttings shall admit any one of the following defects

:

76. Light blue stain on one side, not larger in extent than one-half

the area of the side.

77. Medium brown kiln or heart stain covering half the surface on

one face, or a greater area of lighter stain, or a proportionate amount on

two sides.

78. A small sound and tight knot which does not exceed 5^ of an

inch in diameter.

SHOP
Lower grades of factory,

plank yielding smaller
percentages in smaller and
lower quality cuttings.
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79. A small pitch pocket not over % of an inch wide nor over 2

inches long in West Coast woods and not over ys of an inch wide nor

over 1 inch long in Idaho White Pine, Pondosa Pine, California White Pine

and Sugar Pine.

80. One or more small season checks whose combined length does

not exceed 8 inches.

81. Light pitch or small pitch streaks that do not form a pronounced

defect.

82. Slightly torn grain on one side.

SIZES OF CUTTINGS
Size of Stiles

83. Stiles shall be 5 inches and 6 inches wide by 6 feet 8 inches to 7

feet 6 inches long. They may be either No. 1 or No. 2 in quality.

Bottom Rails

84. Bottom rails shall be 9 inches and 10 inches wide by 2 feet 4

inches to 3 feet long. They may be either No. 1 or No. 2 in quality.

Muntins

85. Muntins shall be 5 inches and 6 inches wide by 3 feet 6 inches

to 4 feet long. They may be either No. 1 or No. 2 in quality.

Top Rails

86. Top rails shall be 5 inches and 6 inches wide by 2 feet 4 inches

to 3 feet long. They must be of No. 1 Cutting quality but shall be con-

sidered as No. 2 Cuttings.

Sash Cuttings

87. Sash Cuttings shall be 2j4 inches and 3j4 inches in width by

28 inches and over in length.

Cuttings and Area Use
88. In computing the area of cuttings in each piece of Factory Plank

the sizes listed below shall be used. After each cutting size is shown the

exact surface area in square feet. For convenience in computing, the

figures shown on tlie right, representing the area to the nearest % square

foot, shall be used.

Nominal Area to be
Size of cutting in Actual Area used in application
board or plank in Sq. Ft. of grading rules

Stiles
5"x6'8 " 2.78

5"xr,'10" 2.85

5"x7'0 " 2.92

5"x7'2 " 2.99

5"x7'4 " 3.06

5"x7'6 " 3.13

6"x6'8 " 3.33 3li
6"x6'10" 3.42 )

6"x7'0 " 3.50 ;- syi
6"x7'2 " 3.58 J

6"x7'4 " 3.67 1 „/
6''x7'6 " 3.75 r

"^^
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Bottom Rails

9"x2'4 " 1.75 )

9"x2'6 " 1.875 J

9"x2'8 " 2.0 I
9"x2'10" 2.125

J

9"x3'0 " 2.25 ..

10"x2'4 " 1.95 I
10"x2'6 " 2.08 S

10"x2'8 " 2.22 7

10"x2'10" 2.36 ]

10"x3'0 " 2.50 ..

MUNTINS

5"x3'6 " 1.46 1

5"x3'8 " 1.53 V...
5"x3'10" 1.60 J

5"x4'0 " 1.67

6"x3'6 " 1.75

6"x3'8 " 1.83

6"x3'10" 1.92

6"x4'0 " 2.0

Top Rails

5"x2'4 " 97
5"x2'6 " 1.04

5"x2'8 " 1.11

5"x2'10" 1.18

5"x3'0 " 1.25

6"x2'4 " 1.17

6"x2'6 " 1.25

6"x2'8 " 1.33

6"x2'10" 1.42

6"x3'0 " 1.50

m
.2

.2^

.2

2/2

.1^

m
.2

.1

.1/2

GRADE CLASSIFICATIONS FOR SOFTWOOD SHOP

89.

SHOP LUMBER
Shop Lumber graded
for cuttings of mini-
mum and larger sizes,

with reference tO' its

use for general cut-up
purposes.

LUMBER

FOR SHOP LUMBER
ONE INCH IN
THICKNESS (1)

Select

Lumber to contain no^

less than 70% of (a)

and/or (b) cuttings.

FOR SHOP LUMBER
OF ALL THICK-
NESSES (2)

No. 1 Shop
Lumber to contain not

less than 60% of (a)

and/or (b) cuttings.

Shop
[

No. 2 Shop
Lumber to contain not J Lumber to contain not

less than 50% of (a)
]

less than 40% of (a)

.and/or (b) cuttings. Land/or (b) cuttings.

(1) For Northern, Western, and California Pine, and West Coast woods.

(2) For Cypress, Redwood, and North Carolina Pine.

90. In determining the grades of either shop or cut-up lumber two

grades and sizes of cuttings shall be recognized and shall conform to the

following rules

:
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Size of Cuttings

91. (a) Cuttings shall be 9J/ inciics wide or wider by 18 inches long or

longer.

92. (b) Cuttings shall be 5 inches wide or wider by 3 feet long or

longer.

Quality of Cuttings

93. (a) Cuttings less than 3 feet long shall be free from all defects

on both sides. No restriction need be made upon bright sapwood.

94. (a) Cuttings 3 feet long or longer and (b) cuttings shall have a

C Select or Better face in all softwoods except Douglas fir, Sitka spruce and

West Coast hemlock, where the face of the cuttings shall be equal to B or

Better Finish.

LUMBER INSPECTION PROVISIONS AND SERVICE

Use Shipping Form

95. Lumber must be inspected, accepted or rejected, on grade in the form

in which it is shipped. Any subsequent change in manufacture, mill work,

or dry kilning will prohibit an inspection for the adjustment of claims

except with the consent of all parties interested.

Inspection Availability

96. Official lumber association inspection service for the inspecting of

lumber sold as of standard or extra standard size, and standard grade,

shall be available to non-members of associations, upon request and at a

reasonable charge.

Re-Inspection

97. In case of complaint on account of the grade or tally of any ship-

ment of standard size or standard grade, official lumber association re-in-

spection shall be available.

Special Grades

98. Official lumber association inspection shall not be required to be

furnished for the inspection of "special" grades of lumber (that is, not

recognized in published grading rules), and inspection service for "special"

grades shall be furnished only when the exact specifications of such grades

in writing are furnished to the inspector.

Certificate

99. Where buyers demand, and will pay the cost thereof, a certificate

made by a certified lumber association inspector shall be furnished with

each shipment so arranged for.

Complaint and Re-inspection

100. Upon receipt of complaint from the purchaser the seller shall

immediately request tlie association under whose rules shipment has been

made to provide official re-inspection or re-measurement, as the case may be,

A
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according to its inspection rules in effect at the time of execution of con-

tract; and the purchaser shall lend all reasonable assistance to facilitate

the re-inspection or re-measurement.

Expense of Inspections

101. The expense of such re-inspection or re-measurement may be divided

between the buyer and seller, or may be borne by either, according to

agreement between them, but the person calling for the re-inspection shall

be responsible to the association for the costs thereof.

Complaint on Grade Only

102. In cases of complaint regarding grade but not involving measure-

ment (tally), the buyer is required to^ accept that portion of a shipment of

lumber of standard grade or standard size, which is up to grade or of

standard size, as the case may be, holding intact that portion thereof, the

grade or size of which is in dispute, for official lumber association inspec-

tion; the action on the part of the buyer in accepting and using such portion

of the shipment shall not be construed as his acceptance of the entire shipi-

ment; further, the buyer shall pay in accordance with the terms of sale

for that portion which he accepts, but acceptance by the buyer of a part

of a shipment does not prejudice his just claims on account of any unused

material that is alleged by him to be below standard grade or not , of

standard size.

Shipment to be Held Not Exceeding 60 Days

103. The complainant buyer shall hold disputed material intact, properly

protected, for not exceeding 60 days, and shall file complaint with seller

within 10 days from receipt of shipment.

Variation of Inspections

104. A shipment shall be considered as of the grade invoiced, if,

upon official association re-inspection under the grading and inspection rules

under which the lumber has been graded and sold, 95 per cent thereof or

more is found to be of said grade, the material below said grade to be

accepted by the buyer as O'f its actual grade. Where the de-grades are

in excess of 5 per cent of the shipment, or where the de-grades are found

upon official re-inspection to be more than one grade lower than the grade

invoiced, the de-grades shall be the property of the seller. These provisions

shall not apply in the case of specially worked lumber.

Qualified Inspectors

105. All grading shall be done by properly supervised and qualified

graders or inspectors.

Contract Clause

106. It is recommended that sales contracts incorporate in substance

the following clause

:

"Shipment under this contract shall be in accordance with the Amer-
ican Lumber Standards as modified and adopted by the American Railway

Engineering Association."
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Exemption

107. In case of shipments made or received under such contracts

exemption from any provision thereof shall be by special agreement and

the burden of proof thereof shall be upon person claiming exemption.

STRUCTURAL GRADES OF LUMBER AND TIMBER AND
THE METHOD OF THEIR DERIVATION

Purpose

1. The purpose of structural grades is to oflfer means for selecting

structural material for strength, and for uniformity in strength, in order

that appropriate working stresses may be assigned for its use.

Factors of Strength

2. The most important factors which influence the strength of struc-

tural material are the size, number and location of defects, and the extent

of exposure to moisture during use. These factors must all be considered

in design or grading if the maximum utilization is to be obtained from

the material used.

Structural Grades and Strength

3. Structural grades control defects by limiting their size and loca-

tion in accordance with their eflFect upon strength. Working stresses

for each species are recommended by the Forest Products Laboratory,

United States Forest Service, and take into consideration the allowable

defects, the moisture content as determined by conditions of use, and, in

the case of southern pine and Douglas fir, rate of growth and percentage

of summerwood.

Moisture

4. Moisture affects the strength of structural timbers both directly

and indirectly. The direct effect of loss of moisture is the stiffening

and strengthening of the wood fibers. This increase in strength, however,

is accompanied by checking, splitting, warping and twisting—as a conse-

quence, some of the strength due to drying is lost. Timbers are also subject,

during use, to varying conditions of moisture, from the dry location of a

heated building, to the continually wet condition of some pier and dock

timbers. Ail of these conditions are taken into account in recommending

working stresses under diflferent conditions of use.

Size Effects

5. In dimension four inches and less in thickness the development

of defects during seasoning does not offset the increase in strength from

drying as much as in larger sizes, and in these sizes used in dry locations,

higher working stresses in extreme fiber in bending can be recommended

than in pieces of larger size having proportionately equivalent defects.

Defects

6. The principal defects which must be limited in structural grades

are : Knots, Shakes and Checks, and Angle of Grain.
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Influence of Knots

7. The influence of a knot is determined by its location in a piece and

the area of its projection on the cross-section of the piece, the method

of measurement being such as to give the best approximation of this influ-

ence. Knots in posts and heavy beams, which are likely to show only

on one face or to run diagonally through the piece, reduce the strength

in practically direct proportion to their size as measured. In dimension

sizes, such as joist, in which the knot is likely to run directly through

the piece, the strength is measured by the square of the effective depth,

assuming the knot in its worst position, near the edge of the piece, and

the reduction in strength due to the knot is approximately twice the ratio

of the size of the knot to the width of the face. In similar material used

flat, as plank, the influence of a knot is directly proportional to the size,

as on the top and bottom edges of beams.

Location of Knots—Joist and Plank

8. Knot limitations on edges of wide faces of dimension sizes, for use

as joist, are more severe than would be required for use flat, as plank,

the sizes applying along the center lines of the wide faces as joist being

those which could theoretically apply at any point across the width if used

only as plank. It has been found, however, that under practically all

conditions of use, knots along the edges of planks are more objectionable

than knots along the center lines and this is recognized in some commercial

yard grades of plank in a stricter limitation of knots along the edges

of the wide faces than along the center lines. The same knot limitations

are applied, therefore, to material to be used either as joist or plank,

and the same working stresses are assigned for use either on edge or flat.

Increase in Size of Knots

9. In both joist and beams, knots reduce strength most along the top

and bottom edges through the center portion. The sizes of knots permitted

in various portions of a joist or beam are limited in accordance with the

stresses, and they are allowed to increase toward the ends and toward the

centerlines of the vertical faces, no knot, however, being permitted of more

than double the size allowed at the point of maximum stress.

Small and Large Knots

10. There is greater proportional distortion of grain around a large

knot than around a smaller one, and shrinkage in seasoning causes greater

internal stresses, so knot sizes are increased proportionately to width of

faces only up to 6 inch top and bottom faces of beams, 12 inch vertical

faces of beams and 12 inch faces of dimension and posts. Beyond these

widths of face, increase is proportional to the square root of the ratio

of the wider faces to these widths. The distribution and aggregate diameter

of knots is limited, as well as the maximum size of the single knot.

11. The aggregate diameter of all knots in the center half of the

length on any face of a Beam or Stringer shall be limited, in direct propor-
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tion, to an aggregate diameter of twice the width of the face in a grade

having 50 per cent of the strength of clear wood. In Joist and Plank, in

dry locations, the aggregate diameter of knots in the center half of the

length of any face may be greater by one-half the width of the face than

the aggregate diameter permitted in Beams and Stringers. In Posts and

Columns, the aggregate diameter of all knots in any 6 inches of length,

in any grade, shall not exceed twice the size of the maximum knot allowable.

Knots in Joist and Plank

12. In juist and plank, the mean or average diameter of a knot is

taken as its size. In such thin and relatively wide material, whether used

on edge or flat, this is a safe measure of the influence of knots on strength,

and has the commercial advantage of being directly applicable to yard grades

of lumber. This method of measurement will exclude damaging spike knots, .

and can be applied to them as well as to round or oval knots.

Knots in Beams

13. On the top or bottom of a beam, the influence of knots is meas-

ured largely by the surface fibers cut. The projection of the knot on a

line at a right angle to the edge is, therefore, used. On the vertical face

of a beam, the depth to which a knot penetrates is of great importance, while

the influence of the number of surface fibers cut, and the amount of grain

distortion, is considerably less important than on the horizontal faces. The

smallest diameter of the knot is, therefore, used.

Spike Knots

14. One of the best examples illustrating the reason for the smallest

diameter being taken on the vertical face is the splitting of a boxed heart

timber into two pieces. The long spike knots which might be opened up

in this way would be no more injurious to the strength of the two pieces

than they would as a single knot in a boxed heart piece, and the two pieces

so cut would be less subject to seasoning checks than a boxed heart piece

Knots in Columns

15. In columns there are two factors: area of cross-section occupied

by knot, which would probably be measured best by the small diameter of

the knot, and the influence of bending stresses when the column begins to

fail, probably measured best by the projection of the knot. In short columns,

the area of the cross-section is of primary importance; as the column gets

longer, the factor of bending strength increases in importance until the

condition of the Euler formula is reached, when stiflfness, on which knots

have practically no influence, becomes the ruling factor. The average

diameter, therefore, is used as that which applies best to the average

condition.

Knots and Holes

Ki. In grades for structural uses no distinction is made between inter-

grown knots and encased knots or knotholes, observation at the Forest

Products Laboratory in recent tests having shown that intergrown knots

reduce strength fully as much as encased knots or knotholes.
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Shakes and Checks

17. Shakes reduce the area of a beam acting in resistance to shear,

and the limitations placed on shake are based on this reduction. Checks

are limited on the same basis as shakes, and no combination of shakes and

checks is permitted which would reduce strength to a greater extent than

would the allowable size of either separately.

18. Shake and Checks in Dense Select and Select Joist and Plank

shall not exceed when green % width of end nor when seasoned ^ width

of end.

Shake and Checks in Common Joist and Plank shall not exceed when

green 4/10 width of end nor when seasoned 4/9 width of end.

Shake and Checks in Dense Select and Select Beams and Stringers

, shall not exceed when green J4 width of end nor when seasoned Yz width

of end.

Shake and Checks in Common Beams and Stringers shall not exceed

when green 4/10 width of end nor when seasoned 4/9 width of end.

Shake and Checks in Dense Select and Select Posts and Timbers shall

not exceed when green 4/10 width of end nor when seasoned J/2 width of end.

Shake and Checks in Common Posts and Timbers shall not exceed

when green J4 width of end nor when seasoned 6/10 width of end.

Slope of Grain

19. Slope of grain, resulting either from diagonal sawing or from

spiral OT twisted grain in the log, is limited in accordance with the recom-

mendations of the Forest Products Laboratory, based on the results of

detailed study of the effect of cross and spiral grain upon strength, and the

weakening of material by checks which invariably develop and, without ex-

ception, follow the grain. There is not much reduction in strength from
cross grain until an angle of 1 in 40 is reached. From that slope in a beam
an angle of grain of 1 in 20 reduces strength about J^s ; 1 in 15, about % ; 1

in 11, about ^; and 1 in 8, about ^. In a post or column an angle of 1 in

15 reduces strength about y&; 1 in 11, about %; 1 in 8, about ^; and 1

in 6, about J4.'

Wane and Knots

20. Wane is limited by such considerations as bearing area, nailing edge,

appearance, etc., rather than by effect on strength. The percentage reduc-

tion in strength resulting from wane toward the center of a beam is about

double the percentage reduction in cross-sectional area. No combination of

wane and Icnots is permitted which would reduce the strength more than

the maximum allowable knot. The occurrence of maximum wane and

maximum knot in the same cross-section at the center of a beam would be

so rare, however, and the effect of allowable maximum wane is so small

a percentage of the effect of maximum allowable knot, that the additional

reduction in strength beyond the effect of the knot would be slight and it

is usually unnecessary to give attention to combination of wane and knot.
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Pitch Pockets

21. Pitch iK>ckets are nrdinarii.v not defects in a structural grade. A
large number, however, indicates a general lack of bond, and such a piece

should be carefully inspected for shakes.

Heartwood and Sapwood

11. Heartwood and sapwood ha\e been found by the Forest Products

Laboratory to be of equal strength, and no requirement of heartwood need

be made when strength alone is the governing factor. Heart requirement,

when durability of untreated material under exposure is a factor, as in

bridges, trestles, docks and piers, or in damp buildings, or buildings in

which conditions of high humidity prevail, may be specified in any grade,

according to exposure and use. When preservative treatment is to be

applied, there should be no restriction as to sapwood, as sapwood is easier

to treat than heartwood and a large amount is to be preferred.

Density and Strength

23. The density of the wood substance of all species is practically the

same. The dry weight is, therefore, a measure of the amount of wood

substance present ; and on the amount of wood substance present depends

the strength of the clear wood. No pieces of exceptionally light weight are

permitted in the Select grades, but light weight pieces otherwise of Select

grade may be accepted in the Common grades.

Density and Summerwood

24. In southern pine and Douglas fir, the proportion of summerwood,

the dark portion of the annual ring, furnishes a practical means of esti-

mating density. Selection of these species for density, to the extent that

dense material is commercially available, assures material of the highest

character from the standpoint of strength, and uniformity in strength, in

the clear wood.

Rate of Growth and Strength

25. Selection of these species for rate of growth is not as great an

assurance of increased strength as selection for percentage of summerwood,

but for many purposes selection for rate of growth will assure material

of suitable type. Close grain, i. e., not less than six nor more than twenty

annual rings per inch, is required in the Select Structural grades of these

species.

Contrast Between Summerwood and Springwood

26. In acceptance for density the contrast in color between summer-
wood and springwood should be distinct. Absence of contrast occasionally

occurs in bands of growth rings which appear on the whole darker in color

than the adjacent material. The summerwood merges into the springwood

abnormally with a gradual change of color, leaving practically no material

which has the normal appearance of springwood. Such material has been

called by a number of names, including proud wood, red wood, and compres-
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sion wood. It has a decided end shrinkage, is weak in tension, and even a

small part of a cross-section of this character is undesirable in high-class

structural timbers.

Minimum Requirements and Maximum Defects

27. Structural grades specify minimum requirements and maximum
defects, all of which may be present at one time. When a particular piece

which is being inspected, therefore, is slightly below the provisions of the

grade in some respects but is of average density or above, the relative effect

on the properties affected should be given consideration.

Re-inspection

28. In inspection for density, reasonable variation of opinion between

inspectors should be recognized. A fair provision for re-inspection of a

particular lot of timbers for density would be that for every three timbers

accepted as having one-third or more summerwood, one of the remaining

timbers be accepted if having between 30 and 33^/3 per cent summerwood.

Yard Grades and Cutting Grades

29. A large percentage of material in standard yard grades of Dimen-

sion and Timbers will meet the additional requirements of structural grades

for Joist and Plank, and Posts and Timbers, and material to meet these

requirements can easily be selected from local stocks : Select from Select

Common and Merchantable grades, and Common from No. 1 Common grad-.

Beams and Stringers vary materially in size and are not stocked extensively.

These are essentially special order grades.

Joist and Plank, Beams and Stringers

30. As previously noted the provisions of the Joist and Plank grades

are such that material graded by them may be used on edge, as joist or

rafters, or flat, as scaffold plank or factory flooring. Joist and Plank grades

apply to material not thicker than four inches. Material thicker than four

inches, for use in bending, should be graded by Beam and Stringer grades.

In such materi'al with loads applied to the wide face, the knot requirements

for this face are those for the narrow face as given in the rules.

Timbers used as Beams and Stringers

31. Material to be used for such purposes as caps, bridge ties, etc.,

where strength in bending is a factor, should be specified in Beam and

Stringer grades although of shape more commonly considered as of tim-

ber grades, as the method of measuring knots in Post and Timber grades

makes it impracticable to assign bending stresses to them. Caps and bridge

ties are often square or have horizontal faces wider than the vertical faces,

in contrast to beams and stringers in which the narrow faces are horizontal

faces and the wide faces are vertical, and this should be noted in applying

the knot provisions of the Beam and Stringer grades to such material.
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INTRODUCTION tO STRUCTURAL RULES
32. The following rules for Structural Grades conform to the "Basic

Provisions for the Selection and Inspection of Softwood Dimension and

Timbers where Working Stresses are Required" accepted at the General

Lumber Conference, Washington, D. C, May 1, 1925, as the basis for the

preparation of grading rules for structural material.

33. They are complete rules, covering all conditions necessary of con-

sideration in structural grading, and are divided into sections from which

combinations are made covering specific purposes and conditions.

34. These specifications may be used for mill orders, selection from

or appraisal of stock on hand in either manufacturers', middlemen's or

users' stock.

35. The rules cover the following Grades and Use Classifications

:

Grades: DENSE SELECT,
Douglas Fir and Southern Pine,

SELECT,
Douglas Fir and Southern Pine,

SELECT,
Other Softwood Species,

COMMON,
All Softwood Species.

Uses: JOIST and PLANK,
Joist, Rafters, Bracing, Scaffold Plank, Factory

Flooring, etc.

BEAMS and STRINGERS,
Beams, Girders, Stringers, Bridge Ties, Caps, etc.,

POSTS and TIMBERS,
Posts, Sills, Caps, Timbers, Etc.

Optional
Provisions: WANE,

Where Permissible,

SQUARE EDGES,
Where Required or Desired,

HEARTWOOD REQUIREMENT,
For Durability of Untreated Timbers,
SAPWOOD PERMISSIBILITY,
For Material to be Treated.

Sizes of Joist and Plank

Joist, Rafters, Scaffold Plank, Factory Flooring, etc.

Nominal thickness

:

2" to 4"

Nominal widths

:

4" and wider
Standard thickness: SIS or S2S : Vs" off

Standard widths: 2" to 7", SIE or S2E: Vs" off
8" and wider, SIE or S2E: yi" off.

Sizes of Beams and Stringers

Beams, Girders, Stringers, etc.

Nominal thickness: 5" and thicker
Nominal widths

:

8" and wider

Sizes of Posts and Timbers

Posts, Caps, Sills, Timbers, etc.

Nominal sizes

:

6" x 6" and larger
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SPECIFICATIONS FOR STRUCTURAL JOIST, PLANK,
BEAMS, STRINGERS, AND POSTS

TIMBER SIZE REQUIREMENTS

Joist and Plank, Surfaced

lA. Structural Joist and Plank shall be when surfaced SIS

or S2S not thinner than the nominal dimension less ^ inch and when sur-

faced SIE or S2E not narrower than the nominal width less }i inch for sizes

2 to 7 inches, inclusive, and less ^ inch for sizes 8 inches and wider.

Beams and Stringers, Posts and Timbers, Surfaced

IB. Structural Beams and Stringers and Posts and Timbers shall be

when surfaced SIS, SIE, S2S or S4S not smaller than the nominal size

less ^ inch for size 7 inches and less, and less J^ inch for sizes 8 inches and

over.

Joist and Plank, Rough

IC. Rough Structural Joist and Plank shall be not thinner than the

nominal dimension less J4 inch, and not narrower than the nominal width

less ]^ inch for sizes 2 to 7 inches, inclusive, and less ^ inch for sizes 8

inches and wider.

Beams and Stringers, Posts and Timbers, Rough

ID. Rough Structural Beams and Stringers and Posts and Timbers

shall be not smaller than the nominal size less J4 inch for sizes 7 inches

and less, and less ^ inch for sizes 8 inches and over.

GRADE REQUIREMENTS
Sound Wood

2. This material shall contain only sound wood.

GENERAL
Weight

3a. No pieces of exceptionally light weight shall be permitted,

except that light weight pieces otherwise of Select grade may be

accepted in Common grade.

Shake, Checks and Splits

b. Shake shall be measured on the ends of a piece, and its size shall be

taken as the shortest distance between lines enclosing the shake and parallel

to the wide faces of the piece. Checks and splits shall be limited as pro-

vided for shakes. No checks or combinations of checks with shakes which

would reduce the strength to a greater extent than the allowable shake

shall be permitted.

Wane and Knots

c. Where wane is permitted there shall be no combination of wane

and knots which would reduce the strength more than the maximum allow-

able knot.
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Cluster Knots

d. Cluster knots and knots in groups are not permitted.

Holes

e. Knot holes and holes from other causes than knots shall be per-

mitted as provided for knots.

Knot Measurement

f. The size of a knot shall be measured on the section of the knot

appearing on the surface under consideration.

Mean Diameter

g. When the mean or average diameter of a knot is specified, the size

shall be taken as the average of the maximum and minimum diameters.

Spike Knots

h. BCnot sizes specified shall be applied to spike knots as well as to

round knots.

Spike Knot Mean Diameter

i. The mean or average diameter of a spike knot shall be taken as

the average of its length and its maximum width.

KNOTS

Joist and Plank

Wide Faces

4a. On the wide faces of Joist and Plank, the measurement of a knot

shall be made on the mean or average diameter.

Narrow Faces

b. On the narrow faces of Joist and Plank, the size of a knot shall

be taken as its width between lines parallel to the edges of the piece.

Increase to Ends

c. The size of knots on the narrow faces and edges of wide faces

of Joist and Plank may increase proportionately from the size allowed in

the middle third to twice that size at the ends of the pieces.

Increase to Center Line

d. The size of knots on the wide faces of Joist and Plank may in-

crease proportionately from the size allowed at the edge to that allowed

at the center line.

Beams and Stringess

Narrow Faces

5a. On tlie narrow or horizontal faces of Beams and Stringers the

size of a knot shall be taken as its width between lines parallel to the edges

of the timber.
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Wide Faces

b. On the wide or vertical faces of Beams and Stringers the smallest

diameter of a knot shall be taken as its size.

Edges

c. Knots on the edges of wide or vertical faces of Beams and Stringers

are limited to the same size as on the adjacent narrow or horizontal faces,

except that the size is measured on the least diameter of the knot instead

of on its width between lines parallel to the edges of the timber.

Increase to Ends

d. The size of knots on the narrow or horizontal faces and edges of

wide or vertical faces of Beams and Stringers may increase proportionately

from the size allowed in the middle third to twice that size at the ends of

the piece.

Increase to Center Line

e. The size of knots on the wide or vertical faces of Beams and

Stringers may increase proportionately from the size allowed at the edge

to that allowed at the center line.

Posts and Timbers

Mean Diameter

6. In Posts and Timbers, the measurement of a knot shall be made

on the mean or average diameter.

Maximum Knots in Dense Select and Select Joist and Plank

7a. Knots on Wide Faces

On or near edge.

Width of middle third of Center line

face length of face
4" ^" IK"
6" ' 1" 2"
8" m" 2%"
10" m" 3%"
12" ZVs" 4"
14" 2^" 4%"
16" 2^" 4rs"

b. Knots on Narrow Faces of Boxed Heart Pieces

Thickness Middle Third
of Piece of Length

2" H"
3" 1"

4" \%"

c. The sum of the diameters of all knots within the center half of

the length of a Joist or Plank on any face shall not exceed one and one-half

times the width of the face on which they occur.
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Maximum Knots in Common Joist and Plank
8a. Knots on Wide Faces

On or near edge,

Width of middle third of Center line

Face length of face
4" 1" m"
6" VA" 2J4"
8" 2" 3H"

10" 21^" 4}i"
12" 3" 5%"
14" 3%" 5H"
16" 3H" 6"

b. Knots on Narrow Faces of Boxed Heart Pieces

Thickness Middle Third
of Piece of Length

2" %"
3" VA"
4" m"

c. The sum of the diameters of all knots within the center half of the

length of a Joist or Plank on any face shall not exceed two times the width

of the face on which they occur.

Maximum Knots in Dense Select and Select Beams and Stringeks

9a.
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b. The sum of the diameters of all knots within the center half of

the length of a Beam or Stringer on any face shall not exceed one and one-

half times the width of the face on which they occur.

Maximum Knots in Dense Select and Select Posts and Timbers

11a. Width of Face Knots
6" VA"
R" 2"

10" 2^"
12" 3"
14" 354"
16" 3H"
18" 3^"
20" 3%"
22" 4*

24" 4%"

b. The sum of the diameters of all knots in any 6 inches of the length

of a Post or Timber shall not exceed twice the size of the maximum knot

allowable.

Maximum Knots in Common Posts and Timbers

12a. Width of Face Knots
6" 2H"
8" 3%" . .

10" 4"
12" 4?4"
14" S%"
16- SVz"
18" 5^"
20" eii"
22" eVz"
24" 654"

b. The surti of the diameters of all knots in any 6 inches of the

length of a Post or Timber shall not exceed twice the size of the maximum
knot allowable.

SHAKE AND CHECKS
Maximum Shake and Checks in Dense Select and Select Joist

and Plank
13.

Width of End Green Seasoned
2" }4" ^"
3" V4" 1"

4" r VA"
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Maximum Shake and Checks in Common Joist and Plank

14.

Width of Hud Green Seasoned
2" Va" Vs"
3" VA" VA"
4" vA" m"

Maximum Shake a.\d Checks in Dense Select and Select Beams
and Stringers

15.

IVidth of End Green
,

Seasoned
6" V/z" 2"

8" 2" 2^"
10" 2}4" 3J4"
12" 3" 4"

14" 3^" 4^"
16" 4" 554"
18" 45^" 6"

20" 5" 6H"
22" Sy2" JYa"
24" 6" 8"

Maximum Shake and Checks in Common Beams and Stringeks

16.

Width of End Green Seasoned
y 2" 2ys"
6" 2ys" 2W
8" 3'/^" 3^"
10" 4" AH"
12" 4^" 5J4"
14" 5^" 6^"
16" m" 7"
18" 7%" 8"

20" 8" 8%"
22" m" 9H"
24" 954" 10^"

Maximum Shake and Checks in Dense Select and Select Posts

AND Timbers
17.

Width of End Green Seasoned
5" 2" ZVi"
6" 2ys" 3"

8" 3%" 4"

10" 4" 5"

12" 4^" 6"

14" • 554" 7*

16" 6H" 8"

18" 7%" 9"

20" 8" 10"

22" 8^" 11"

24" 9/2" 12"
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Maximum Shake and Checks in Common Posts and Timbers

18.

Width of End Green Seasoned
6" 3" 3^"
8" 4" 434"
10" 5" 6"

12" 6" 7ys"
14" 7" 834"
16" 8" 91/^"

18" 9" 10^"
20" 10" 12"

22" 11" 13^"
24" 12" 14^"

SLOPE OF GRAIN

Dense Select and Select Joist and Plank

19A. Slope of grain in center half of length shall not exceed 1 in 12.

Common Joist and Plank

19B. Slope of grain in center half of length shall not exceed 1 in 10.

Dense Select and Select Beams and Stringers

19C. Slope of grain in center half of length shall not exceed 1 in 15.

Common Beams and Stringers

19D. Slope of grain in center half of length shall not exceed 1 in 10.

Dense Select and Select Posts and Timbers

19E. Slope of grain shall not exceed 1 in 10.

Common Posts and Timbers

19F. Slope of grain shall not exceed 1 in 8.

WANE OR SQUARE EDGES
Wane, Dense Select and Select Grade

Wane %
20A. Wan? is permitted, not exceeding J^ the width of any face.

Wane, Common Grade
Wane %

20B. Wane is permitted, not exceeding % the width of any face.

Square Edges

Square

20C. All edges must be square.

HEARTWOOD AND SAPWOOD
Durability Untreated

Heartwood requirements to be specified as required from following:

Heartwood Provisions
Joist and Plank

21A. Joist and Plank shall have not less than 85 per cent heart on the

two faces, measured across the faces anywhere in the length of the piece.
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Beams and Stringers

21 B. Beams and Stringers shall have not less than 85 per cent heart on

each of the four faces, measured across the faces anywhere in the length

of the piece.

Timbers 85 Per Cent

21 C. These timbers shall have not less than 85 per cent heart on each

of the four faces, measured across the face anywhere in the length of the

piece.

Timbers, One Face All Heart, Others 85 Per Cent

21 D. These timbers shall have all heart on one narrow face, the other

narrow face and the two sides shall have not less than 85 per cent of heart,

measured across the face or sides anywhere in the length of the piece.

Timbers, One Face All Heart, Others 75 Per Cent

21E. These timbers shall have all heart on one narrow face, the other

narrow face and the two sides shall have not less than 75 per cent of heart,

measured across the face or sides anywhere in the length of the piece.

For Treatment

Provision for sapwood for timber to be treated is covered by following

:

Sapwood

Sapwood Not Restricted

22. There is no restriction as to sapwood for this material.

RATE OF GROWTH AND DENSITY

Select

Southern Pine or Douglas Fir of Select grade is to be selected for close

grain.

Dense Select

Southern Pine or Douglas Fir of Dense Select grade is to be selected

for density.

Close Grain
Close Grain

23. Douglas Fir or Southern Pine shall be of close grain, averaging

on either one end or the other not less than six nor more than twenty annual

rings per inch measured over a three-inch portion of a radial line located

as described below and representative of the average growth on the cross-

section. Pieces averaging from five to six annual rings per inch shall be

accepted as the equivalent of close grain if having one-third or more
summerwood.

Density

Dense

24. Douglas Fir or Southern Pine shall be dense, averaging on either

one end or the other not less than six annual rings per inch and, in addi-
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tion, one-third or more summerwood measured over a three-inch portion

of a radial line located as described below and representative of the average

growth on the cross-section. The contrast in color between summerwood

and springwood shall be distinct. Coarse grained material excluded by

this rule shall be accepted as dense if averaging one-half or more summer-

wood.

Close Grain or Density

Radial Line Not Representative

25. When the radial line specified is not representative, it shall be

shifted sufficiently to present a fair average, but the distance from the

pith to the beginning of the three-inch portion of the line in boxed heart

pieces shall not be changed.

Close Grain

Average on Two Radial Lines

26. In case of disagreement, two radial lines shall be chosen, and the

number of rings shall be the average determined on these lines.

Density

Average on Two Radial Lines

27. In case of disagreement, two radial lines shall be chosen, and the

number of rings and summerwood shall be the average determined on

these lines.

Location of Radial Line in Douglas Fir

Sidecut Pieces

28a. In side cut pieces of Douglas Fir, the radial line shall be at a right

angle to the annual rings and the center of the three-inch portion of the

line shall be at the center of the end of the piece.

Boxed Heart Pieces

b. In boxed heart pieces the line shall run from the pith to the

corner farthest from the pith. When the least dimension is six inches or

less, the three-inch portion of the line shall begin at a distance of one inch

from the pith. When the least dimension is more than six inches, the

three-inch portion of the line shall begin at a distance from the pith equal

to two inches less than one-half the least dimension of the piece.

c. If a three-inch portion of the radial line cannot be obtained, the

measurement shall be made over as much of the three-inch portion as is

available.

Location of Radial Line in Southern Pine

Boxed Heart Pieces

29a. In boxed heart pieces of Southern Pine, the measurement shall

be made over the third, fourth and fifth inches from the pith along the

radial line.
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Pith Not Present

b. In cases where timbers do not contain the pith, and it is impossible

to locate it with any degree of accuracy, the inspection shall be made over

three inches on an approximate radial line beginning at the edge nearest

the pith in timbers over three inches in thickness and on the second inch

nearest to the pith in timbers three inches or less in thickness.

Pith Present, But Less Than Five-Inch Radial Line

c. In material containing the pith but not a five-inch radial line, which

is less than two inches by eight inches in section or less than eight inches in

width, that does not show over sixteen square inches on the cross-section,

the inspection shall apply to the second inch from the pith. In larger

material that does not show a five-inch radial line, the inspection shall

apply to the three inches farthest from the pith.

STRUCTURAL GRADES AND REFERENCE CODE

Specifications are divided into sections with general numbers for

reference.

Where alternate specifications are listed each has a capital letter added

to the general number. For any material, appropriate choice must be

made of such paragraphs.

Where several paragraphs occur under the general number and each is

designated by small letters, all such paragraphs must be used in making a

complete specification.

In cases where only a small number of sizes are ordered it is per-

missible to shorten the tables of maximum defects by copying sizes of

defects corresponding only with the sizes being ordered.

Following is a complete list of numbered specifications, brief descrip-

tion of material and appropriate code numbers of sections required to write

a complete specification for this material.
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Index to Numbers of Specifications
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No. 2. Beams and Stringers, Douglas Fir or Southern Pine, Dense
Select, no heartvvood or sapwood requirement, square
edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20C, 24, 25, 27,

28 (a + b + c) Douglas Fir or 29 (a + b + c) Southern Pine.

No. 3. Beams and Stringers, Douglas Fir or Southern Pine, Dense
Select, no heartwood or sapwood requirement, wane per-

mitted.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20A, 24, 25, 27,

28 (a + b + c) Douglas Fir or 29 (a + b + c) Southern Pine.

No. 4. Beams and Stringers, Douglas Fir or Southern Pine, Dense
Select, sapwood wanted for treatment, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + dT-e + f + g + h-
+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20C, 22, 24, 25,

27, 28 (a + b + c) Douglas Fir or 29 (a + b + c) Southern
Pine.

No. 5. Beams and Stringers, Douglas Fir or Southern Pine, Dense
Select, sapwood wanted for treatment, wane permitted.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20A, 22, 24, 25,

27, 28 (a + b + c) Douglas Fir or 29 (a + b + c) Southern
Pine.

Sfxect Beams and Stringers

No. 6. Beams and Stringers, Douglas Fir or Southern Pine, Select,

85 per cent heartwood, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20C, 21B, 23,

25, 26, 28 (a + b + c) , Douglas Fir or 29 (a + b + c) Southern

Pine.

No. 7. Beams and Stringers, Douglas Fir or Southern Pine, Select,

no heartwood or sapwood requirement, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20C, 23, 25, 26,

28 (a + b + c), Douglas Fir or 29 (a + b + c) Southern
Pine.

No. 8. Beams and Stringers, Douglas Fir or Southern Pine, Select,

no heartwood or sapwood requirement, wane permitted.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20A, 2i, 25, 26,

28 (a + b + c), Douglas Fir or 29 (a + b + c) Southern Pine.

No. 9. Beams and Stringers, Douglas Fir or Southern Pine, Select,

sapwood wanted for treatment, square edges.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20C, 22, 23, 25,

26, 28 (a + b + c), Douglas Fir or 29 (a + b + c) Southern
Pine.

No. 10. Beams and Stringers, Douglas Fir or Southern Pine, Select,

sapwood wanted for treatment, wane permitted.
IB (surfaced) or ID (rougli) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20A, 22, 23, 25,

26, 28 (a + b + c) Douglas Fir or 29 (a + b + c) Southern
Fine.
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No. 11. Beams and Stringers, Select, 85 per cent heartwood, square
edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20C, 21B.

No. 12. Beams and Stringers, Select, no heartwood or sapwood re-

quirement, square edges.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20C.
No. 13. Beams and Stringers, Select, no heartwood or sapwood re-

quirement, wane permitted.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20A.
No. 14. Beams and Stringers, Select, sapwood wanted for treatment,

square edges.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 5 (a + b + c + d + e), 9 (a + b), 15, 19C, 20C, 22.

No. 15. Beams and Stringers, Select, sapwood wanted for treatment,
wane permitted.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 5 (a + b + c + d + e), 9 (a + b), IS, 19C, 20A, 22.

Common Beams and Stringers

No. 16. Beams and Stringers, Common, 85 per cent heartwood,
square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h -

+ i), 5 (a + b + c + d + e), 10 (a + b), 16, 19D, 20C, 21B.
No. 17. Beams and Stringers, Common, no heartwood or sapwood

requirement, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 5 (a + b + c + d + e), 10 (a + b), 16, 19D, 20C.

No. 18. Beams and Stringers, Common, no heartwood or sapwood
requirement, wane permitted.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 5 (a + b + c + d + e), 10 (a + b), 16, 19D, 20B.

No. 19. Beams and Stringers, Common, sapwood wanted for treat-

ment, square edges.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 5 (a + b + c + d + e), 10 (a + b), 16, 19D, 20C, 22.

No. 20. Beams and Stringers, Common, sapwood wanted for treat-

ment, wane permitted.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 5 (a + b + c + d + e), 10 (a + b), 16, 19D, 20B, 22.

Dense Select Joist and Plank

No. 21. Joist and Plank, Douglas Fir or Southern Pine, Dense Select,

85 per cent heartwood, square edges.
lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20C, 21A, 24,

25, 27, 28 (a + b + c) Douglas Fir or 29 (a + b + c) Southern
Pine.

No. 22. Joist and Plank, Douglas Fir or Southern Pine, Dense Select,

no heartwood or sapwood requirement, square edges.
lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20C, 24, 25,

27, 28 (a + b + c), Douglas Fir or 29 (a + b + c) Southern
Pine.
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No. 23. Joist and Plank, Douglas Fir or Southern Pine, Dense Select,

no heartwood or sapwood requirement, wane permitted.

lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20A, 24, 25,

27, 28 (a + b + c) Douglas Fir or 29 (a + b + c) Southern
Pine.

No. 24. Joist and Plank, Douglas Fir or Southern Pine, Dense Select,

sapwood wanted for treatment, square edges.
lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20C, 22, 24,

25, 27, 28 (a + b + c) Douglas Fir or 29 (a + b + c) Southern
Pine.

No. 25. Joist and Plank, Douglas Fir or Southern Pine, Dense Select,

sapwood wanted for treatment, wane permitted.

lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20A, 22, 24,

25, 27, 28 (a + b + c) Douglas Fir or 29 (a + b + c) Southern
Pine.

Select Joist and Plank

No. 26. Joist and Plank, Douglas Fir or Southern Pine, Select, 85

per cent heartwood, square edges.
lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20C, 21A, 23,

25, 26, 28 (a + b + c) Douglas Fir or 29 (a + b + c) Southern
Pine.

No. 27. Joist and Plank, Douglas Fir or Sciuthcrn Pine, Select, no
heartwood or sapwood requirement, square edges.

lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + li-

+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20C, 23, 25,

26, 28 (a + b + c) Douglas Fir or 29 (a + b + c) Southern
Pine.

No. 28. Joist and Plank, Douglas Fir or Southern Pine, Select, no
heartwood or sapwood requirement, wane permitted.

lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20A, 23, 25,

26, 28 (a + b + c) Douglas Fir or 29 (a + b + c) Southern
Pine.

No. 29. Joist and Plank, Douglas Fir or Southern Pine, Select, sap-
wood wanted for treatment, square edges.

lA (surfaced) or IC (rough) 2. 3 (a + b + c + d + e + f + g + h-
+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20C, 22, 23,

25, 26, 28, (a + b + c) Douglas Fir or 29 (a + b + c) Southern
Pine.

No. 30. Joist and Plank, Douglas Fir or Southern Pine, Select, sap-
wood wanted for treatment, wane permitted.

lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20A, 22, 23,

25i 26, 28 (a + b + c), Douglas Fir or 29 (a + b + c) Southern
Pine.

No. 31. Joist and Plank, Select, 85 per cent heartwood, square edges.
\A (surfaced) or IC (rough) 2. 3 (a + b + c + d + c + f + g + h

-

+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20C, 21 A.

No. 32. Joist and Plant, Select, no heartwood or sapwood require-
ment, square edges.

lA (surfaced) or IC (roitgli) 2, 3 (a i b + c + d + c + f + g + h

-

+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20C.
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No. 33. Joist and Plank, Select, no heartwood or sapwood require-
ment, wane permitted.

lA (surfaced) or IC (roug-h) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20A.

No 34. Joist and Plank, Select, sapwood wanted for treatment,
square edges.

lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20C, 22.

No. 35. Joist and Plank, Select, sapwood wanted for treatment, wane
permitted.

lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 4 (a + b + c + d), 7 (a + b + c), 13, 19A, 20A, 22,

Common Joist and Plank

No. 36. Joist and Plank, Common, 85 per cent heartwood, square
edges.

lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 4 (a + b + c + d), 8 (a + b + c), 14, 19B, 20C, 21A.

No. 37. Joist and Plank, Common, no heartwood or sapwood require-

ment, square edges.
lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 4 (a + b + c + d), 8 (a + b + c), 14, 19B, 20C.
No. 38. Joist and Plank, Common, no heartwood or sapwood re-

quirement, wane permitted.
lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 4 (a + b + c + d), 8 (a + b + c), 14, 19B, 20B.
No. 39. Joist and Plank, Common, sapwood wanted for treatment,

square edges.
lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 4 (a + b + c + d), 8 (a + b + c), 14, 19B, 20C, 22.

No. 40. Joist and Plank, Common, sapwood wanted for treatment,
wane permitted.

lA (surfaced) or IC (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 4 (a + b + c + d), 8 (a + b + c), 14, 19B, 20B, 22.

Dense Selkct Posts and Timbers

No. 41. Posts and Timbers, Douglas Fir or Southern Pine, Dense
Select, 85 per cent heartwood, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
4i), 6, 11 (a + b), 17, 19E, 20C, 21C, 24, 25, 27, 28
(a + b + c), Douglas Fir or 29 (a + b + c) Southern Pine.

No. 42. Posts and Timbers, Douglas Fir or Southern Pine, Dense
Select, no heartwood or sapwood requirement, square
cdcres.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 11 (a + b), 17, 19E, 20C, 24, 25, 27, 28 (a + b + c),

Douglas Fir or 29 (a + b + c) Southern Pine.

No. 43. Posts and Timbers, Douglas Fir or Southern Pine, Dense
Select, no heartwood or sapwood requirement, wane per-
mitted.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 11 (a + b), 17, 19E, 20A, 24, 25, 27, 28 (a + b + c)

Douglas Fir or 29 (a + b + c) Southern Pine.

No. 44. Posts and Timbers, Douglas Fir or Southern Pine, Dense
Select, sapwood wanted for treatment, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 6, 11 (a + b), 17, 19E, 20C, 22, 24, 25, 27, 28 (a + b + c)

Douglas Fir or 29 (a + b + c) Southern Pine.
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No. 45. Posts and Timbers, Douglas Fir or Southern Pine, Dense
Select, sapwood wanted for treatment, wane permitted.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 11 (a + b), 17, 19E, 20A, 22, 24, 25, 27, 28 (a + b + c)

Douglas Fir or 29 (a + b + c) Southern Pine.

Select Posts and Timbers

No. 46. Posts and Timbers, Douglas Fir or Southern Pine, Select,

85 per cent heartwood, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 6. 11 (a + b), 17, 19E, 20C, 21C, 23, 25, 26, 28
(a + b + c) Douglas Fir or 29 (a + b + c) Southern Pine.

No. 47. Posts and Timbers, Douglas Fir or Southern Pine, Select,

no heartwood or sapwood requirement, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 11 (a + b), 17, 19E, 20C, 23, 25, 26, 28 (a + b + c)

Douglas Fir or 29 (a + b + c) Southern Pine.

No. 48. Posts and Timbers, Douglas Fir or Southern Pine, Select,

no heartwood or sapwood requirement, wane permitted.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 6, 11 (a + b), 17, 19E, 20A, 23, 25, 26, 28 (a + b + c)

Douglas Fir or 29 (a + b + c) Southern Pine.

No. 49. Posts and Timbers, Douglas Fir or Southern Pine, Select,

sapwood wanted for treatment, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 11 (a + b), 17, 19E, 20C, 22, 23, 25, 26, 28 (a + b + c),

Douglas Fir or 29 (a + b + c) Southern Pine.

No. 50. Posts and Timbers, Douglas Fir or Southern Pine, Select,

sapwood wanted for treatment, wane permitted.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 11 (a + b), 17, 19E, 20A, 22, 23, 25, 26, 28

(a + b + c) Douglas Fir or 29 (a + b + c) Southern Pine.

No. 51. Posts and Timbers, Select, 85 per cent heartwood, square

edges.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 6, 11 (a + b), 17, 19E, 20C, 21C.
No. 52. Posts and Timbers, Select, no heartwood or sapwood require-

ment, square edges.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 6, 11 (a + b), 17, 19E, 20C.

No. 53. Posts and Timbers, Select, no heartwood or sapwood re-

quirement, wane permitted.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 6, 11 (a + b), 17, 19E, 20A.
No. 54. Posts and Timbers, Select, sapwood wanted for treatment,

square edges.
IB (surfaced) or ID (rough) 2. 3 (a + b + c + d + e + f + g + h-

+ i), 6, 11 (a + b), 17, 19E, 20C, 22.

No. 55. Posts and Timbers, Select, sapwood wanted for treatment,

wane permitted.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 6, 11 (a + b), 17, 19E, 20A, 22.

Common Posts and Timbers

No. 56. Posts and Timbers, Common, 85 per cent heartwood, square
edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h

-

+ i), 6, 12 (a + b), 18, 19F, 20C, 21C.
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No. 57. Posts and Timbers, Common, no heartwood or sapwood re-

quirement, square edges.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 6, U (a + b), 18, 19F, 20C.
No. 58. Posts and Timbers, Common, no heartwood or sapwood re-

quirement, wane permitted.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 6, 12 (a + b), 18, 19F, 20B.
No. 59. Posts and Timbers, Common, sapwood wanted for treatment,

square edges.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 6, 12 (a + b), 18, 19F, 20C, 22.

No. 60. Posts and Timbers, Common, sapwood wanted for treatment,
wane permitted.

IB (surfaced) or ID (rough), 2. 3 (a + b + c + d + e + f + g + h-
+ i), 6, 12 (a + b), 18, 19F, 20B, 22.

Special Posts and Timbers

No. 61. Posts and Timbers, Douglas Fir or Southern Pine, Dense
Select. One narrow face all heartwood, other narrow
face and sides 85 per cent heartwood, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 11 (a + b), 17, 19E, 20C, 21D, 24, 25, 27, 28
(a + b + c) Douglas Fir or 29 (a + b + c) Southern Pine.

No. 62. Posts and Timbers, Douglas Fir or Southern Pine, Select.

One narrow face all heartwood, other narrow face and
sides 85 per cent heartwood, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 11 (a + b), 17, 19E, 20C, 21D, 23, 25, 26, 28
(a + b + c) Douglas Fir or 29 (a + b + c) Southern Pine.

No. 63. Posts and Timbers, Select, one narrow face all heartwood, other
narrow face and sides 85 per cent heartwood, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 11 (a + b), 17, 19E, 20C, 21D.

No. 64. Posts and Timbers, Common, one narrow face all heartwood, other
narrow face and sides 85 per cent heartwood, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 12 (a + b), 18, 19F, 20C, 21D.

No. 65. Posts and Timbers, Douglas Fir or Southern Pine, Dense
S,elect. One narrow face all heartwood, other narrow
face and sides 75 per cent heartwood, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 11 (a + b), 17, 19E, 20C, 21E, 24, 25, 27, 28

(a + b + c), Douglas Fir, or 29 (a + b + c) Southern Pine.

No. 66. Posts and Timbers, Douglas Fir or Southern Pine, Select.

One narrow face all heartwood, other narrow face and sides 75

per cent heartwood, square edges.
IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-

+ i), 6, 11 (a + b), 17, 19E, 20C, 21E, 23, 25, 26, 28
(a + b + c) Douglas Fir or 29 (a + b + c) Southern Pine.

No. 67. Posts and Timbers, Select, one narrow face all heartwood, other

narrow face and sides 75 per cent heartwood, square

cdofcs.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 11 (a + b), 17, 19E, 20C, 21E.

No. 68. Posts and Timbers, Common, one narrow face all heartwood, other

narrow face and sides 75 per cent heartwood, square edges.

IB (surfaced) or ID (rough) 2, 3 (a + b + c + d + e + f + g + h-
+ i), 6, 12 (a + b), 18, 19F, 20C, 21E.
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EXAMPLES OF APPLICATION OF CODE
Three complete specifications are shown to illustrate the applica-

tion of the code.

EXAMPLE NO. 1. SPECIFICATION NO. 1.

Dense Select Beams and Stringers (Southern Pine) with Square
Edges and Heartwood Requirement for Use Untreated, Rough

Size Requirement

Id. Rough Structural Beams and Stringers shall be not smaller than

the nominal size less % inch for sizes 7 inches and less, and less ^ inch

for sizes 8 inches and over.

Grade Requirements

2. This material shall contain only sound wood.

General

3a. No pieces of exceptionally light weight shall be permitted, except

that light weight pieces otherwise of Select grade may be accepted in

Common grade.

b. Shake shall be measured on the ends of a piece, and its size shall

be taken as the shortest distance between lines enclosing the shake and

parallel to the wide faces of the piece. Checks and splits shall be limited

as provided for shakes. No checks or combinations of checks with shakes

which would reduce the strength to a greater extent than the allowable

shake shall be permitted.

c. Where wane is permitted there shall be no combination of wane
and knots which would reduce the strength more than the maximum allow-

able knot.

d. Cluster knots and knots in groups are not permitted.

e. Knot holes and holes from other causes than knots shall be per-

mitted as provided for knots.

f. The size of a knot shall be measured on the section of the knot

appearing on the surface under consideration.

g. When the mean or average diameter of a knot is specified, the

size shall be taken as the average of the maximum and minimum diameters.

h. Knot sizes specified shall be applied to spike knots as well as to

round knots.

i. The mean or average diameter of a spike knot shall be taken as

the average of its length and its maximum width.

Knots

beams and stringers

5a. On the narrow or horizontal faces of Beams and Stringers the

size of a knot shall be taken as its width between lines parallel to the edges

of the timber.
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b. On the wide or vertical faces of Beams and Stringers the smallest

diameter of a knot shall be taken as its size.

c. Knots on the edges of wide or vertical faces of Beams and Stringers

are limited to the same size as on the adjacent narrow or horizontal faces,

except that the size is measured on the least diameter of the knot instead

of on its width between lines parallel to the edges of the timber.

d. The size of knots on the narrow or horizontal faces and edges

of wide or vertical faces of Beams and Stringers may increase propor-

tionately from the size allowed in the middle third to twice that size at the

ends of the piece.

e. The size of knots on the wide or vertical faces of Beams and

Stringers may increase proportionately from the size allowed at the edge

to that allowed at the center line.

Maximum Knots in Dense Select and Select Beams and Stringers

9a.
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21B. Beams and Stringers shall have not less than 85 per cent heart

on each of the four faces, measured across the faces anywhere in the length

of the piece.

24. Southern Pine shall be dense, averaging on either one end or

the other not less than six annual rings per inch and, in addition, one-third

or more summerwood measured over a three-inch portion of a radial line

located as described below and representative of the average growth on

the cross-section. The contrast in color between summerwood and spring

weed shall be distinct. Coarse grained material excluded by this rule shall

be accepted as dense if averaging one-half or more summerwood.

25. When the radial line specified is not representative, it shall be

shifted sufficiently to present a fair average, but the distance from the

pith to the beginning of the three-inch portion of the line in boxed heart

pieces shall not be changed.

27. In case of disagreement, two radial lines shall be chosen, and the

number of rings and summerwood shall be the average determined on

these lines.

29a. In boxed heart pieces of Southern Pine, the measurement shall

be made over tTie third, fourth and fifth inches from the pith along the

radial line.

b. In cases where the timbers do not contain the pith, and it is im-

possible to locate it with any degree of accuracy, the inspection shall be

made over three inches on an approximate radial line beginning at the

edge nearest the pith in timbers over three inches in thickness and on the

second inch nearest to the pith in timbers three inches or less in thickness.

c. In material containing the pith but not a five-inch radial line, which

is less than two inches by eight inches in section or less than eight inches

in width, that does not show over sixteen square inches on the cross-section,

the inspection shall apply to the second inch from the pith. In larger

material that does not show a five-inch radial line, the inspection shall apply

to the three inches farthest from the pith.

EXAMPLE NO. 2. SPECIFICATION NO. 50

Select Posts and Timbers (Douglas Fir) With Wane Permitted

AND Sapwood Wanted for Treatment, Surfaced Four Sides

Size Requirement

IB. Structural Posts and Timbers shall be when surfaced SlS, SIE,

S2S or S4S not smaller than the nominal size less % inch for sizes 7 inches

and less, and less J4 inch for sizes 8 inches and over.

Grade Requirements

2. This material shall contain only sound wood.

General

3a. No pieces of exceptionally light weight shall be permitted, except

that light weight pieces otherwise of Select grade may be accepted in

Common grade.

b. Shake shall be measured on the ends of a piece, and its size shall be

taken as the shortest distance between lines enclosing the shake and parallel

to the wide faces of the piece. Checks and splits shall be limited as pro-



382 Wooden Bridges and Trestles

vided for shakes. No checks or combination of checks with shakes which

would reduce the strength to a greater extent than the allowable shake

shall be permitted.

c. Where wane is permitted there shall be no combination of wane

and knots which would reduce the strength more than the maximum allow-

able knot.

d. Cluster knots and knots in groups are not permitted.

e. Knot holes and holes from other causes than knots shall be per-

mitted as provided for knots.

f. The size of a knot shall be measured on the section of the knot

appearing on the surface under consideration.

g. When the mean or average diameter of a knot is specified, the size

shall be taken as the average of the maximum and minimum diameters.

h. Knot sizes specified shall be applied to spike knots as well as to

round knots.

i. The mean or average diameter of a spike knot shall be taken as the

average of its length and its maximum width.

Knots

6. In Posts and Timbers, the measurement of a knot shall be made

on the mean or average diameter.

Maximum Knots in Dense Select and Select Posts and Timbers

11a.

Width of Face Knots
6" VA"
8" 2"

10" 2y2"
12" 3"

14" 3J4"
16" SVs"
18" 3Vs"
20" 37A"
22" 4"

24" 4V/'

b. The sum of the diameters of all knots in any 6 inches of the length

of a Post or Timber shall not exceed twice the size of the maximum knot

allowable.

Shake and Checks

Maximum Shake and Checks in Dense Select and Select Posts

AND Timbers

17.

Width of End Green Seasoned
5" 2" 2%"
6" 23A" 3"
8" 3^" 4"

10" 4" 5"

12" 4?4" 6"

14" 5^" 7"

16" eVz" 8"

18" 7%" 9"

20" 8"
"

10"
22" 8^" 11"
24" 9J^" 12"
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19E. Slope of grain shall not exceed 1 in 10.

20A. Wane is permitted, not exceeding y^ the width of any face.

22. There is no restriction as to sapwood for this material.

23. Douglas Fir shall be of close grain, averaging on either one end or

the other not less than six nor more than twenty annual rings per inch

measured over a three-inch portion of a radial line located as described

below and representative of the average growth on the cross-section.

Pieces averaging from five to six annual rings per inch shall be accepted

as the equivalent of close grain if having one-third or more summerwood.

25. When the radial line specified is not representative, it shall be

shifted suflficiently to present a fair average, but the distance from the pith

to the beginning of the three-inch portion of the line in boxed heart pieces

shall not be changed.

26. In case of disagreement, two radial lines shall be chosen, and the

number of rings shall be the average determined on these lines.

28a. In side cut pieces of Douglas Fir, the radial line shall be at a

right angle to the annual rings and the center of the three-inch portion

of the line shall be at the center of the end of the piece.

b. In boxed heart pieces the line shall run from the pith to the

corner farthest from the pith. When the least dimension is six inches or

less, the three-inch portion of the line shall begin at a distance of one inch

from the pith. When the least dimension is more than six inches, the

three-inch portion of the line shall begin at a distance from the pith equal

to two inches less than one-half the least dimension of the piece.

c. If a three-inch portion of a radial line cannot be obtained, the

measurement shall be made over as much of the three-inch portion as is

available.

EXAMPLE NO. 3. SPECIFICATION NO. 38

Common Joist .\nd Plank With Wane Permissibility and No
Heartwood or Sapwood Requirement, Surfaced SIS, SIE

Size Requirement

lA. Standard Structural Joist and Plank shall be when surfaced SIS
or S2S not thinner than the nominal dimension less ^ inch and when
surfaced SIE or S2E not narrower than the nominal width less H '"ch

for sizes 2 to 7 inches, inclusive, and less J4 inch for sizes 8 inches and

wider.

Grade Requirements

2. This material shall contain only sound wood.

General

3a. No pieces of exceptionally light weight shall be permitted, except

that light weight pieces otherwise of Select grade may be accepted in

Common grade.
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b. Shake shall be measured on the ends of a piece, and its size shall

be taken as the shortest distance between lines enclosing the shake and

parallel to the wide faces of the piece. Checks and splits shall be limited

as provided for shakes. No checks or combination of checks with shakes

which would reduce the strength to a greater extent than the allowable

shake shall be permitted.

c. Where wane is permitted there shall be no combination of wane

and knots which would reduce the strength more than the maximum
allowable knot.

d. Cluster knots and knots -in groups are not permitted.

e. Knot holes and holes from other causes than knots shall be per-

mitted as provided for knots.

f. The size of a knot shall be measured on the section of the knot

appearing on the surface under consideration.

g. When the mean or average diameter of a knot is specified, the

size shall be taken as the average of the maximum and minimum diameters.

h. Knot sizes specified shall be applied to spike knots as well as to

round knots.

i. The mean or average diameter of a spike knot shall be taken as

the average of its length and its maximum width.

Knots

joist and plank

4a. On the wide faces of Joist and Plank, the measurement of a

knot shall be made on the mean or average diameter.

b. On the narrow faces of Joist and Plank, the size of a knot shall

be taken as its width between lines parallel to the edges of the piece.

c. The size of knots on the narrow faces and edges of wide faces of

Joist and Plank may increase proportionately from the size allowed in the

middle third to twice that size at the ends of the pieces.

d. The size of knots on the wide faces of Joist and Plank may
increase proportionately from the size allowed at the edge to that allowed

at the center line.

Maximum Knots in Common Joist and Plank
Knots on Wide Faces
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c. The sum of the diameters of all knots within the center half of the

length of a Joist or Plank on any face shall not exceed two times the width

of the face on which they occur.

Shake and Checks

Maximum Shake and Checks in Common Joist and Plank
14.

Width of End Green Seasoned
2" Y^" Vs"
r V/s" V/a"
4" 1^" m"

19B. Slope of grain in center half of length shall not exceed 1 in 10.

20B. Wane is permitted, not exceeding J-^ the width of any face.

NOTES ON TABLES OF WORKING STRESSES

Authority

1. The working stresses in the accompanying table are recommended

by the Forest Products Laboratory, United States Forest Service, for

structural grades complying with Basic Provisions for Structural Material

of American Lumber Standards, including, also, stresses for red and white

oak, as the same structural grades can be applied to hardwoods as to soft.

In Beam and Stringer, and Post and Timber grades, stresses are given

only for the species commonly cut to those sizes. Stresses for any other

species can be obtained from the Forest Products Laboratory.

Minimum Strength Value

2. Structural grades are developed to insure minimum strength values.

The defects permitted in the Common grades provide material having not

less than 60 per cent of the strength of green clear wood, and in the Select

grades, of 75 per cent, although in Douglas fir and southern pine the stresses

recommended in compression and in extreme fiber in bending are 80 per

cent of green clear wood strength on account of the limitation on rate of

growth.

Exposure

3. Working values are given for three conditions of exposure during

use: (a) Continuously dry, (b) Occasionally wet but quickly dried, (c) More
or less continuously damp or wet. Judgment should be exercised as to the

values to be used in a particular case.

Continuously Dry

(a) Continuously dry contemplates use in interior or protected con-

struction not subject to conditions of excessive dampness or high humidity.

Occasionally Wet
(b) Occasionally wet but quickly dried assumes use in such exterior

structures as bridges, trestles, grandstands or bleachers, and exposed frame

work of open sheds.

A
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Usually Wet
(c) More or less continuously damp or wet would apply to material

exposed to waves or tidewater, or in contact with earth, or used in a build-

ing in portions that would be more or less continuously wet.

Impact

4. The working values recommended may be used without allowance

for impact up to 100 per cent.

Maximum Horizontal Shear

5. Working values given for horizontal shear are maximum values.

The maximum unit horizontal shear at any point in a beam as calculated

is 3/2 of the average unit shear obtained by dividing the total shear at

that point by the area of the cross section.

Analysis for Shear Stress

6. Recognition of all loads in designing for moving loads, or loads

concentrated near a support, gives a calculated shearing stress higher than

is actually developed. In calculating the shear at one end of a beam, the

concentrated loads between that end and a point distant three times tlie

depth of the beam from it may be considered as acting at that point. In

moving loads, as on highway bridges or railway stringers, in computing

the shear at one end it is safe to ignore all wheel loads between that end

and a point three times the depth of the beam or stringer from it, when
the balance oi the span is assumed loaded so as to give a maximum
shear stress.

Shear Stresses for Joint Details

7. Shear stresses for joint details may be taken as SO per cent greater

than the values for horizontal shear given in the table.

Permanent Set

8. Timber constantly yields under long continued loading, acquiring a

permanent set. This set with a fully loaded beam is about equal to the de-

flection using the modulus of elasticity as given in the tables. In order to

minimize the results of sag, it is advisable to use values one-half those

given in the tables.

Compression in Short Columns
9. The working stresses for compression parallel to grain are for

use on posts, struts, etc., with unsupported length not greater than ten

times their least dimension. They are also for use in end bearing on com-

pression members, as a short column or strut is more likely to fail at the

end than at any other point in its length, and the variations in moisture

content are greater there.

Compression in Medium Length Columns
10. For columns oi intermediate length, the Forest Products Labora-

tory finds from tests recently made that a fourth-power parabola, tangent

to the Euler curve, is a conservative representation of the law controlling

the strength. That is, from the short block to the long column in which

the strength is dependent on stiffness, there is a falling off in ultimate



Wooden Bridges and Trestles 387

strength which follows a smooth curve, very flat at first but curving sharply

to become tangent to the Euler curve at two-thirds of the ultimate crushing

strength.

Formula
P

11. For columns from —

:

A
P
—= S\
A

where P = Total load in pounds.
A = Area in square inches.

P—= Unit compressive stress.

A
S= Safe stress in compression parallel to grain for short

columns.
/= Unsupported length in inches.

d= Least dimension in inches.

E= Modulus of elasticity.

/

K= The— at the point of tangency of the parabolic and Euler
d

P 2

curves, at which —•
=— 5". The value of K for any

A 3

li^species and grade is

2 65"

Influence of Defects

12. The influence of defects on the compressive strength of columns

/

of constant cross section decreases as the length increases. When - equals

d
the value of K for the species and grade, defects such as are allowable in

the grade have little influence on the strength as a column. Beyond this

length the investigation of the strength of columns indicated that the Euler

formula is quite accurate for long wooden columns with pin-end connections

and that the maximum load is dependent upon stiffness. In such columns,

a factor of safety of 3 should be applied to values of modulus of elasticity

in order to obtain safe loading.

13. The Laboratory does not, with the present data and under ordinary

conditions, find justification for increasing the stresses on square-end columns

over those for carefully centered pin-end columns. Tests to determine the

influence of end conditions are still being made and it is probable that under

special conditions higher stresses can be used.

Long Columns

14. For long columns, with factor of safety of 3 =
P jv E

36

(7)
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Maximum Length

15. Columns should be limited in slenderness tO' — = 50.

d
Direct Tension

16. For direct tension the same values as for extreme fiber stress in

bending may be used. Straight grained wood has greater resistance to

tension than to any other kind of stress. It has been found, however, prac-

tically impossible to design joints that will develop anywhere near the full

tensile strength.

Joists and Beams in Direct Tension

17. Grades of Joists or Beams may be used for members in direct

tension, as in bottom chords of trusses, increase in size of defects towards

ends being permissible because of the gradual application of stresses through

splice plates or end connections.

Joist and Plank—Vertical or Horizontal

18. The provisions of the Joist and Plank grades are such that work-

ing stresses for these grades may be applied to material used with wide

faces vertical or horizontal. In material 5 inches and thicker with loads

applied to the wide face, the knot requirements for this face are those

for the narrow face as given in the rules.

Working Stresses in Timbers Nearly Square

19. Where working stresses in bending are required for caps, bridge

ties, etc., they should be graded on Beam and Stringer grades, but as such

material is often square or has horizontal faces wider than the vertical

faces, in contrast to beams and stringers in which the narrow faces are

horizontal faces and the wide faces are vertical, care should be exercised

that the knot limitations are applied to the proper faces.

Two-Span Stringers

20. In railway stringers of two spans length, defects throughout the

center two-thirds should be limited as in the center third of single span

stringers, for 'the maximum moment will be over the center support and

although the full positive moment would not be developed in either span as

long as there was resistance to negative moment over the center support,

there might be circumstances in which full positive moment of resistance

at the centers of the two spans would be desirable.

FACTORS OF SAFETY
Elastic Limit and Breaking Strength

21. In determining working stresses, the Forest Products Laboratory

has considered both elastic limit and breaking strength. Elastic limit,

however, is more variable and less definite than ultimate strength, and the

latter is taken as the more dependable basis for the determination of safe

working stresses.

Factor of Safety

22. The factor of safety at a given working stress varies materially with

the duration of the stress. At the recommended working stresses, given in the

table for continuously dry locations, the average timber in buildings has a
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factor of safety of 6 on impact loading,* a factor of 4 for five-minute loads

and 2J4 for long-time loading, with a minimum factor of safety of 2

on 75 per cent of the pieces under long-time loading. About one piece in

100, of very light weight and with maximum defects for the grade, would

be expected to break at 1J4 times the recommended stress under loading

of approximately 10 years duration. For new timbers in bridge construc-

tion, the factors of safety are about 15 per cent greater.

*If impact stresses are neglected when less than 100 per cent of the live load
producing them, the factor of safety for such loads would be reduced from 6 to a

minimum of 3.

FACTORS AFFECTING WORKING STRESSES
Basis of Working Strength

23. Working stresses are based on the strength of the clear wood of

the various species and, in some properties, on grade as fixed by limita-

tion on size and location of knots, extent of shake and checks, and extent

of cross grain, on conditions of exposure during use, and on size of piece.

In southern pine and Douglas fir working stresses in some properties are

increased for limitation on rate of growth and for requirement of per-

centage of summerwood.

Variations, Exposure, Grade, Size

24. Working stresses for extreme fiber in bending are varied with

grade, extent of exposure, and size of piece; in horizontal shear, they are

varied with grade ; in compression parallel to grain, with grade and

exposure ; in compression perpendicular to grain, with exposure.

25. Working stresses in shear are not varied with size or extent of

exposure ; in compression parallel to grain they are not varied with size

;

in compression perpendicular to grain they are not varied with grade or

size; in modulus of elasticity they are taken as the same in all grades.

Rate of Growth and Density

26. In southern pine and Douglas fir, working stresses in extreme

fiber in bending, compression parallel to grain and compression perpendicular

to grain, in any grade, may be increased 1/15 for material of close grain,

or 1/6 for dense material, over material not so selected. Values in these

species in shear may be increased 1/6 for dense material, but not for limita-

tion on rate of growth. Modulus of elasticity is not varied with these

properties.

Variations in Working Stresses

27.

Conditions Sice

of of
Exposure Grade Piece
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WORKING STRESSES

Pounds per Square Inch
,

Recommended by Forest Products Laboratory, United States Forest
Service

For Grades Complying with Basic Provisions for Structural Grades
OF American Lumber Standards

JOIST AND PLANK AND BEAMS AND STRINGERS

Continuously Dry

Select Grade

Compression
Extreme Perpendic- Maximum Modulus

' Fiber in ular to Horizontal of
Species Bending Grain Shear Elasticity

Cedar, western red 900 200 80 1,000,000

northern and southern white. 750 175 70 800,000
Port Orford 1100 250 90 1,200,000

Alaska 1100 250 90 1,200,000

Cypress, southern 1300 350 100 1,200,000
Douglas fir,

Coast Region : Select 1600 345 90 1,600,000

Dense Select 1750 380 105 1,600,000

Rocky Mountain Region 1100 275 85 1,200,000

Fir, balsam 90O 150 70 1,000,000

golden, noble, silver, white 1100 300 70 1,100,000

Hemlock, West Coast 1300 300 75 1,400,000

eastern 1100 300 70 1,100,000

Larch, western 1200 325 100 1,300,000

Pine, southern: Select 1600 345 110 1,600,000

Dense Select 1750 380 128 . 1,600,000

California, Idaho and North-
ern white, Pondosa and
sugar 900 250 85 1,000,000

Norway 1100 300 85 1,200,000

Redwood 1200 250 70 1,200,000

Spruce, red, white, Sitka 1100 250 85 1,200,000

Englemann 750 175 70 800,000

Tamarack, eastern 1200 300 95 1,300,000

Common Grade
Cedar, western red 720 200 64 1.000,000

northern and southern white. 600 175 56 800,000
Port Orford 880 250 72 1,200,000

Alaska 880 250 72 1,200,000

Cypress, southern 1040 350 80 1,200,000

Douglas fir. Coast region 1200 325 72 1.600,000

Rocky Mtn. Region.... 880 275 68 1,200,000

Fir, balsam 720 150 56 1,000,000

golden, noble, silver, white.... 880 300 56 1,100,000

Hemlock, West Coast 1040 300 60 1,400,000

eastern 880 300 56 1,100,000

Larch, western 960 325 80 1,300,000

Pine, southern 1200 325 88 1,600,000

California, Idaho and north-
ern white, Pondosa and
sugar 720 250 68 1,000,000

Norway 880 300 68 1,200,000

Redwood 960 250 56 1,200,000

Spruce, red, white, Sitka 880 250 68 1,200,000

Englemann 600 175 56 800,000

Tamarack, eastern 960 300 76 1,300,000
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WORKING STRESSES

Pounds per Square Inch

Recommended by Forest Products Laboratory, United States Forest
Service

For Grades Complvixg with Basic Provisions for Structural Grades
OF American Lumber Standards

JOIST AND PLANK AND BEAMS AND STRINGERS

Occasionally Wet But Quickly Dried

Select Grade

.

—

Extreme Fiber—

.

Compression
in Bending Perpendic- Maximum Modulus

4" and 5" attd ular to Horizontal of

Species Thinner Thicker Grain Shear Elasticity

Cedar, western red 710 800 150 80 1,000,000

northern and south-

ern white 580 .... 140 70 800,000

Port Orford 890 1000 20O 90 1,200,000

Alaska 890 .... 200 90 1,200,000

Cypress, southern 980 .... 250 100 1,200.000

Douglas fir,

Coast Region : Select ..1240 1385 240 90 1,600,000

Select .1370 1515 265 105 1,600,000

Rocky Mtn. Region.... 800 900 225 85 1,200,000

Fir, balsam 670 .... 125 70 1,000,000

golden, noble, silver,

white 800 .... 225 70 1,100,000

Hemlock, West Coast ... 980 1100 225 75 1,400,000

eastern 800 .... 225 70 1,100,000

Larch, western 980 1100 225 100 1,300,000

Pine, southern: Select ...1240 1385 240 110 1,600,000

Dense
Select .1370 1515 265 128 1,600,000

California, Idaho and
northern white,

Pondosa and sugar. 710 .... 150 85 1,000,000

Norway 890 .... 175 85 1,200,000

Redwood 890 1000 150 70 1,200,000

Spruce, red, white. Sitka.. 800 900 150 85 1,200,000

Englemann 580 .... 140 70 800,000

Tamarack, eastern 980 .... 225 95 1,300,000

Common Grade
Cedar, western red 600 640 . 150 64 1,000,000

northern and south-

ern white 490 .... 140 56 800,000

Port Orford 760 800 200 72 1,200,000

Alaska 760 .... 200 72 1,200,000

Cypress, southern 830 .... 250 80 1,200,000

Douglas fir, Coast region. 980 1040 225 72 1,600,000

Rocky Moun-
tain region. 680 720 225 68 1,200,000

Fir, balsam 570 .... 125 56 1,000,000

golden, noble, silver,

white 680 .... 225 56 1,100,000

Hemlock, West Coast ... 830 880 225 60 1,400,000

eastern 680 .... 225 56 1,100,000

Larch, western 830 880 225 80 1,300,000

Pine, southern 980 1040 225 88 1,600,000

California, Idaho and
northern whit c,

Pondosa and sugar 600 .... 150 68 1,000,000

Norway 760 .... 175 68 1,200,000

Redwood 760 800 150 56 1,200,000

Spruce, red. white Sitka.. 680 720 150 68 1,200,000

Englemann 490 .... 140 56 800,000
Tamarack, eastern 830 .... 225 76 1,300,000
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WORKING STRESSES

Pounds per Square Inch

Recommended by Forest Products Laboratory, United States Forest
Service

For Grades Complying with Basic Provisions for Structural Grades
OF American Lumber Standards

JOIST AND PLANK AND BEAMS AND STRINGERS

More or Less Continuously Damp or Wet
Select Grade

,

—

Extreme Fiber—. Compression
in Bending Perpendic- Maximum Modulus

4" and 5" and ular to Horizontal of
Species Thinner Thicker Grain Shear Elasticitv

Cedar, western red 670 750 125 80 1,000,000
Northern and south-

em white 530 .... 100 70 800,000
Port Orford BOO 900 150 90 1,200,000

Alaska 800 .... 150 90 1,200,000

Cypress, southern 800 .... 225 100 1,200,000

Douglas fir.

Coast Region: Select ..950 1065 215 90 1,600,000

Dense
Select .1050 1165 235 105 1,600,000

Rocky Mtn. Region.... 620 700 200 85 1,200,000

Fir, balsam 530 .... 100 70 1,000,000

golden, noble, silver,

white 710 .... 200 70 1,100,000

Hemlock, West Coast .... 800 900 200 75 1,400,000

eastern 710 .... 200 70 1,100,000

Larch, Western 800 900 200 100 1,300,000

Pine, southern : Select .... 950 1065 215 110 1,600,000

Select .1050 1165 235 128 1,600,000

California, Idaho and
northern white,
Pondosa and sugar 670 .... 125 85 1,000,000

Norway 710 .... 150 85 1,200,000

Redwood 710 800 125 70 1,200,000

Spruce, red, white, Sitka.. 710 800 125 85 1,200,000

Englemann 440 .... 100 70 800,000
Tamarack, eastern 800 .... 200 95 1,300,000

Common Grade
Cedar, western' red 570 600 125 64 1,000,000

northern and south-
em white 450 .... 100 56 800,000

Port Orford 680 720 150 72 1,200.000

Alaska 680 .... 150 72 1,200,000

Cypress, southern 680 ... 225 80 1,200,000

Douglas fir, Coast region. 750 800 200 72 1,600,000

Rocky Moun-
tain region. 530 560 200 68 1,200,000

Fir, balsam .....450 .... 100 56 1,000,000

golden, noble, silver,

white 600 .... 200 56 1,100,000

Hemlock, West Coast .... 680 720 200 60 1,400,000

eastern 60O .... 200 56 1,100,000

Larch, westem 680 720 200 80 1,300,000

Pine, southern 750 800 200 88 1,600,000

California, Idaho and
northern white,
Pondosa and sugar 570 .... 125 68 1,000,000

Norway 600 .... 150 68 1,200,000

Redwood 600 640 125 56 1,200,000

Spruce, red, white, Sitka.. 600 640 125 68 1,200,000

Englemann 370 .... 100 56 800,000

Tamarack, eastern 680 .... 200 76 1,300,000
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SAFE LOADS FOR WOODEN COLUMNS
1. The unit working stresses in compression parallel to grain for

columns whose ratio of unsupported length to least dimension does not

exceed 10 shall be not greater than that given for the species in the

accompanying table of Working Stresses.

2. For columns the ratio of whose unsupported length to least dimen-

sion is greater than 10, the following formula shall be used until the

reduction in allowable stress equals one-third the stress for short columns

:

I 3 \Kd / JA
where F = Total load in pounds.

A =z Area in square inches.

P
—= Unit compressive stress.

A
S = Safe stress in compression parallel to grain for short

columns.
/ = Unsupported length in inches.

d= Least dimension in inches.

£^ Modulus of elasticity.

/

K= The— at the point of tangency of the parabolic and
d

P 2
Euler curves, at which —^— 5".

A 3
The value of K for any species and grade is

-i
2 6S

3. For columns of greater length the Euler formula below, which

includes factor of safety of 3 shall be used

:

P -k' E

36

(7)
/

4. Columns shall be limited in slenderness to— = 50.

d
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Values of "K" For Columns of Intermediate Length

Continuously Dry Occasionally Wet Usually Wet
Species Select Common Select Common Select Common

Cedar, western red 24.2 27.1 24.2 27.1 25.1 28.1
Port Orford 23.4 26.2 24.6 27.4 25.6 28.7

Douglas Fir,

Coast region: Select 23.7 27.3 24.9 28.6 27.0 31.1
Dense Select 22.6 24.9 23.8 26.1 25.8 28.3

Rocky Mountain region.. 24.8 27.8 24.8 27.8 26.5 29.7
Hemlock, West Coast 25.3 28.3 25.3 28.3 26.8 30.0
Larch, western 22.0 24.6 23.1 25.8 25.8 28.8
Oak, red and white 24.8 27.8 26.1 29.3 27.7 31.1
Pine, southern: Select 23.7 27.3 24.9 28.6 27.0 31.1

Dense Select 22.6 24.9 23.8 26.1 25.8 28.3
Redwood 22.2 24.8 23.4 26.1 25.6 28.6
Spruce, red, white, Sitka 24.8 27.8 25.6 28.7 27.5 30.8

Strength of Columns of Intermediate Length

In Per Cent of Strength of Short Columns

[1 / / \ 4 -I

1 1 —
I I

2>\ Kd ; J
p r 1 / / \ 4 -1

in the Formula : — = 5" I 1 ( I I

A I z\ Kd ; \

K PERCENTAGE = I 1
(
— j I

22 97 96 95 93 91 88 85 81 77 72 67
23 98 97 95 94 92 90 87 84 81 77 72 67
24 98 97 96 95 93 92 89 87 84 80 76 72 67
25 98 98 97 96 94 93 91 89 86 83 80 76 72 67
26 99 98 97 96 95 93 92 91 89 86 83 80 76 72 67
27 99 98 98 97 96 95 93 92 90 88 85 82 79 74 71 67
28 99 98 98 97 96 95 94 9Z 91 89 87 85 82 79 75 71 67
29 99 99 98 98 97 96 95 94 92 91 89 87 84 82 79 75 71 67
30 99 99 98 98 97 97 96 95 94 92 90 88 86 84 81 78 75 71 67
31 99 99 99 98 98 97 96 95 94 93 92 90 88 86 84 81 78 75 71 67

— 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
d
Ratio of Length to Least Dimension in Rectangular Timbers.

This table can also be used for columns not rectangular, the l/d being
equivalent to .289 l/r, where r is the least radius of gyration of the section.
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CLASSIFICATION OF THE USES OF TIMBER AND LUMBER
UNDER AMERICAN RAILWAY ENGINEERING ASSOCIA-

TION SPECIFICATIONS

The grades recommended are those which would ordinarily be used.

For work of the highest character, a grade higher could be used, and for

temporary work, a grade lower.

In yard material, standard grades of one producing region compare

as closely with those of other regions as the variations in the species will

permit.

Structural grades apply equally to all species, hence the structural

grades of American Lumber Standards can be applied to any species if

grades conforming to the structural grades of American Lumber Standards

are not included in the standard grades of the region producing that species.

Details of heartwood, sapwood, wane and square edge specification are

not included in these grades but are left to the discretion of the person con-

sulting this reference and ordering material.

1. Bridge and Construction Timber

A. Combination and Howe Truss
Spans

1. Compression members
2. Tension
3. Diagonals subject to re-

versal of stress

4. Floor Beams ]

5. Stringers )

6. Ties
7. Guard Timbers
8. Railing

9. Stiffeners

10. Splices

11. Nailing Strips

12. Grillage

13. Deck Plank
14. Bridging

B. Pile and Frame Trestles

1. Sills and Mud Sills

2. Posts
3. Caps
4. Sash Bracing
5. Cross Bracing
6. Longitudinal Bracing

7. Girts

8. End Planks

9. Stringers *

10. Ties
11. Guard Timbers
12. Planking for Ballasted Deck
13. Railing

Select Structural Posts and Timbers
Select Structural Joist and Plank

Select Structural Posts and Timbers

I
Select Structural or Dense Select

( Structural Beams and Stringers

Select Structural Timbers
Common Structural Timbers
No. 1 Common Dimension
No. 1 Common Dimension
No. 1 Common Dimension
No. 1 Common Dimension
Common Structural Timbers
No. 1 Common Dimension
No. 2 Common Boards

Select Structural Timbers
Select Structural Posts
Select Structural Timbers
Common Structural Plank
Common Structural Plank
Common Structural Plank
Common Structural Timbers
Common Structural Plank

I Select Structural or

I Dense Select Structural Stringers

Select Structural Timbers
Common Structural Timbers
Select Structural Plank
No. 1 Common Dimension
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C. Falsework
1. Sills and Mud Sills

2. Posts
3. Caps
4. Stringers

5. Truss Timbers
6. Centering
7. Lagging
8. Bracing
9. Wedges

10. Scaffolding

D. Concrete Forms
1. Dimension Lumber
2. D & M Planks
3. Bracing

E. Tanks and Supports
1. bills

2. f'osts

3. Caps
4. Bracing
5. Joists

6. D & M Flooring
7. Staves
8. Rafters
9. Roor

10. Ladders, Etc.

11. Frost-box Material

F. Docks and Wharves
1. Timber Sheet Piling

2. Timber in Cribs

3. Caps

4. Stringers

5. Bracing
6. Guard Timbers
7. Ties
8. Plank Decking
9. Mooring Posts

10. Fenders and Wales
11. Warehouse, see Frame

Buildings

G. Coaling Stations and Ore
Stations

1. Sills and Mud Sills

2. Posts
3. Caps
4. Bracing

5. Stringers

6. Joists

7. Bin Lining
8. Rafters
9. Flooring

10. Chutes
11. Decking
12. Coal Pockets and Bins
13. Roofing

Common Structural Timbers
Common Structural Posts
Common Structural Timbers
Select Structural Stringers

Common Structural Timbers
No. 1 Common Dimension
No. 1 Common Dimension
Common Structural Plank
No. 1 Common Dimension
No. 2 Common Dimension

No. 1 Common Dimension
No. 2 Common Boards
No. 2 Common Boards

Common Structural Timbers
Select Structural Posts
Select Structural Timbers
Common Structural Plank
Select Structural Joists

C Flooring
C Tank Stock
No. 1 Common Dimension
No. 1 Common Shiplap
C Ladder Stock
No. 1 Common Shiplap

Common Structural Timbers
Common Structural Timbers
Select Structural Timbers

I
Select Structural or

\ Dense Select Structural Stringers
Common Structural Plank
Common Structural Timbers
Select Structural Timbers
Select Structural Plank
.Select Structural Timbers
Common Structural Timbers

Common Structural Timbers
Select Structural Posts
Select Structural Timber
Common Structural Plank
( Select Structural or

I Dense Select Structural Stringers
Select Structural Joists

No. 1 Common Dimension
No. 1 Common Dimension
No. 1 Common Boards
No. 1 Common Boards
No. 1 Common Boards
No. 1 Common Dimension
No. 2 Common Shiplap
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E. Miscellaneous Small Build-
ings

1. Posts
2. Sills

3. Caps
4. Joists

5. Bridging
6. Sub-Flooring
7. Finish Flooring
8. Studding and Plates

9. Sheathing
10. Furring
11. Siding
12. Ceiling

13. Rafters

14. Roof Boards
15. Shingles

16. Door and Window Frames
17. Outside Finish Lumber
18. Inside Finish Lumber
19. Millwork

F. Warehouses
L Caps
2. Sills

3. Posts
4. Stringers

5. Joists

6. Bridging
7. Sub-Flooring
8. Finish Flooring

9. Studding and Plates

10. Sheathing.

11. Furring
12. Siding
13. Ceiling

14. Truss Timbers
15. Purlins

16. Rafters
17. Roof Boards
18. Shingles

19. Door and Window Frames
20. Outside Finish Lumber
21. Inside Finish Lumber
22. Millwork
23. Sleepers

G. Ice Houses.
1. Sills

2. Caps
3. Posts
4. Stringers

5. Joists^

6. Bridging
7. Sleepers

8. Sub-Flooring
9. Finish Flooring

10. Studding
11. Sheathing
12. Furring
13. Siding
14. Ceiling

No. 2 Common Dimension
No. 2 Common Dimension
No. 2 Common Dimension
Common Structural Joists

No. 3 Common Boards
No. 2 Common Shiplap

C Flooring
No. 1 Common Dimension
No. 2 Common Shiplap

No. 3 Common Strips

Cor D Siding

C or D Ceiling

No. 1 Common Dimension
No. 2 Common Shiplap

C
C Finish

C Finish

C Finish

C Finish

Common Structural Timbers
Common Structural Timbers
Common Structural Timbers
Select Structural Stringers

Select Structural Joists

No. 2 Common Boards
No. 2 Common Shiplap
C Flooring
No. 1 Common Dimension
No. 2 Common Shiplap
No. 2 Common Strips

C or D Siding

C or D Ceiling

No. 1 Common Dimension
No. 1 Common Dimension
No. 1 Common Dimension
No. 2 Common Shiplap

A
C Finish

C Finish

C Finish

C Finish
No. 2 Common Strips

Common Structural Timbers
Common Structural Timbers
Common Structural Timbers
Select Structural Stringers

No. 1 Common Dimension
No. 2 Common Boards
No. 2 Common Strips

No. 2 Common Shiplap

C Flooring
No. 1 Common Dimension
No. 2 Common Shiplap
No. 3 Common Strips

C or D Siding
C or D Ceiling
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3. Miscellaneous Roadway Material

A. Crossing Plank.

B. Platforms.

1. Posts
2. Caps
3. Sills

4. Stringers

5. Joists

6. Bridging
7. Planking
8. Railing

9. Steps
10. Skids

C. Stock Guards.

1. Posts
2. Ties
3. Wing Fences and Aprons
4. Slats

5. Fillers

D. Signs and Posts.

1. Posts
2. Bracing
3. Sign Boards
4. Moulding

E. Fencing, Including Snow
Fence.

1. Posts
2. Bracing
3. Stringers
4. Fence Boards
5. Gate Materials
6. Stakes

F. Culverts and Drains.

1. Sills

2. Bracing
3. Timbers
4. Planking
5. Grillage

G. Stock Pens.

1. Posts
2. Sills

3. Fencing
4. Studding
5. Sheathing
6. Rafters
7. Roof Boards
8. Shingles
9. Outside Finish Lumber

H. Poles.
I. Conduits.

J. Bumping Blocks.

No. 1 Common Dimension

No. 1 Common Dimension
No. 1 Common Dimension
No. 1 Common Dimension
Select Structural Stringers

Select Structural Joists

No. 3 Common Boards
No. 1 Common Dimension
No. 1 Common Dimension
No. 1 Common Boards
No. 1 Common Dimension

No. 1 Common Dimension
Select Structural Timbers
No. 1 Common Boards
No. 1 Common Boards
No. 2 Common Boards

No. 1 Common Dimension
No. 2 Common Dimension
C Finish

C Moulding Stock

No. 1 Common Dimension
No. 2 Common Boards
No. 1 Common Dimension
No. 2 Common Boards
No. 1 Common Boards
No. 2 Common Boards

Common Structural

No. 2 Common Boards
Common Structural Timbers
No. 2 Common Dimension
Common Structural Timbers

No. 1 Common Dimension
No. 1 Common Dimension
No. 1 Common Dimension
No. 1 Common Dimension
No. 2 Common Shiplap

No. 1 Common Dimension
No. 2 Common Shiplap

r.

C Finish

Select Structural Timbers
No. 1 Common Dimension
Select Structural Timbers
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Appendix B

(A) SIMPLIFICATION OF GRADING RULES AND CLASSI-

FICATION OF TIMBER AND LUMBER FOR RAILWAY
USES

H. Austin, Chairman, Sub-Committee; Charles Chandler, C. J. Hogue,

D. F. Holtman, T. F. Laist, J. B. Maddock, J. A. Newlin, C. E.

Paul, D. W. Smith, S. L. Wonson.

In carrying on the work as outlined under subject "A," this Committee

has continued cooperation with the lumber standardization program of the

Department of Commerce by the attendance of the Chairman of Com-

mitee VII at the general Standardization Conference on Lumber held

at Washington, April 27, 1926. At this conference the lumber industry

adopted amendments and additions to the rules for softwood lumber. Con-

sideration is now being given to the standardization of hardwood lumber

and it is expected that progress will be made in this branch of the lumber

industry.

Correspondence with Committee D-7 of the American Society for

Testing Materials has been carried on for the mutual benefit of both the

society and Association.

On pages 892 to 901 of Vol. 27, 1926, Proceedings, there are tables of

designing stresses with explanatory notes for stresses in "Extreme fiber

in bending," "Compression perpendicular to grain" and "Horizontal Shear"

for structural grades complying with Basic Provisions for Structural

Material of American Lumber Standards.

By action of the 1926 convention these tables were accepted for

printing in the Manual.

For the purpose of completing tables of designing stresses the Com-

mittee submits tables for unit stresses in compression parallel to grain for

three conditions of moisture content aJid recommends the adoption of

these tables for printing in the Manual. (See pp. 395-397.)

, Appendix C

(2) THE VALUE OF TREATED TIMBERS IN WOODEN
BRIDGES AND TRESTLES

C. S. Heritage, Chairman, Sub-Committee; F. H. Cramer, T. F, Laist,

G. W. Rear, C. J. Hogue, J. A. Newlin, J. R. Sexton, M. B. Kent,

C. E. Paul, G. C. Tuthill, J. T. Vitt, S. R. Young.

Treated timber is used extensively for the construction of wooden

railway bridges, especially trestles. Statistics show that the use of treated

timber for this purpose is increasing.

Treated timber used in railway bridges is usually creosoted and the

treated timber considered in this report is timber treated by modern methods

with creosote under pressure.
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The value of treated timber in wooden bridges and trestles cah best be

determined by comparing it with untreated timber.

The primary consideration is whether or not the use of treated timber

is economical. Other features to be considered are the strength and fire

hazard as compared with untreated timbers, and the effect of the creosote

on the fastenings. In special cases where timber is subject to ravages of the

marine borers, treated timber is quite serviceable where untreated timter

is entirely unsuited.

The relative economy of treated timber in bridges depends on the

first cost, the service life and the maintenance costs of treated timber struc-

tures as compared with untreated timber structures.

The cost of timber and of creosoting timber are both variable, but in

general creosoted trestles will cost approximately one and foiir-tenths

as much as similar untreated structures.

The life of both treated and untreated timber is variable depending

upon climatic conditions, species and grade of timber used, this variation

being much more pronounced for untreated timber.

When properly treated the outer surface of the timber is highly resistant

to decay. This outer surface also protects the interior where the preserva-

tive has not penetrated. It is important that the treated surface is not

cut or broken, thus exposing the untreated portions of the timber. If it is

necessary to cut a stick of treated timber the cut surface must be protected

by the application of several coats of creosote applied hot. It is strongly

recommended that timbers to be creosoted be completely sized and framed

before treatment. The value of the treatment is greatlty reduced when the

timbers are cut, exposing untreated surfaces.

The life of untreated timber in trestles will generally not exceed ten

years except in favorable climates. Sometimes trestles are kept in service

much longer but at considerable maintenance expense for replacing decayed

members.

Creosoted timber has not been in general use in railway bridges a

sufficient length of time to accurately determine its average service life.

Some structures have lasted more than forty years and still retain a large

percentage of the original timber. Others have been renewed after a service

life of about twenty years. Of the latter class the short life has usually

been due to imperfect handling of the treatment of the timber itself or by

failing to protect the cut surfaces when framing the timbers. The art of

creosoting timbers and of handling creosoted timbers has improved so tliat

it is safe to predict an average useful life of thirty or more years for

creosoted timbers in bridge structures.

A. F. Robinson, Bridge Engineer of the Santa Fe, in a paper before the

Western Society of Engineers and American Wood Preservers' Association

in 1922, stated that creosoted ballasted deck structures on their line, from

sixteen to twenty years old, seemed to be in perfect condition and gave

promise of being good for fifteen to twenty years of additional senice.

Bridge Engineers on various roads have reported their estimate of the

life of creosoted trestles anywhere from twenty-five to thirty-five years.
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The Southern Pacific Company, with more than 130' miles of creosoted

pile trestle and 3000 creosoted timber drain boxes, say from their experi-

ence they feel that an average life of thirty years can be expected, and

further state that they have hundreds of structures twenty-nine years old

that are in good condition and thousands twenty-five years old that give

every promise of still being good when they reach the age of thirty years.

The maintenance costs of timber structures is variable. The practice

of roads is different, some replacing bridges more frequently to avoid high

maintenance costs after the structure has deteriorated, others carrying

the structure with repairs and partial renewals for longer periods.

Following is a diagram showing the annual charges for timber

trestles for various periods of useful life. These charges are based on

an interest rate of 6 per cent on the invested capital, a sinking fund for

renewal at the end of the life of the structure, and a maintenance charge

equal to one-half of the total cost of the structure spread over the life of

the structure. The maintenance charge will naturally be small during the

earlier years of the life of the structure and increased during the later

years, but for the purpose of comparison, it is assumed tO' be spread over

the period of useful life uniformly.

Assuming the cost of an untreated structure as unity and of a similar

creosoted structure as 1.4, the life of an untreated structure as ten years

and of the creosoted structure as thirty years, then the annual charges for

the untreated structure will be .186, as against .125 for the creosoted struc-

ture. This may be taken as a fair average condition, but for other relative

costs and periods of life comparisons can readily be made.

Again assume that the untreated structure haS a cost of unity and a

life of ten years; that a similar creosoted structure cost 1.4 as much as the

untreated structure, then for the same cost per year the creosoted structure

would have to last not less than sixteen years.

From observations on the life of creosoted structures we can safely

predict longer average life than the necessary minimum to produce annual

charges as low as for untreated structures. The Committee concludes

that creosoted timber used for bridge structures will show a decided saving

over a period Q,f years.

The above examples are based on similar construction for both untreated

and treated structures. Creosoted ballasted deck structures are being

built extensively by many roads. This type of structure is rarely built of

untreated timber on account of the short life of untreated timber. The
relative cost of untreated open deck structures and creosoted ballast deck

structures is more variable than when trestles of similar design are con-

sidered because the variation of design must be considered as well as the

variation oi the cost of materials. Our investigations indicate that a

creosoted ballasted deck trestle will cost approximately 1.8 times as much
as an untreated span deck trestle for the same loading. The diagram

accompanying this report is also applicable in this case for it is only neces-

sary to determine the relative cost and relative life. Assuming the cost of

the untreated structure as unity and with a 10-year life as before, then
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Annuol Chorges for Timber Trestles of Various Reloiive Cosfs

Arid for Vorious Periods of Life.

Total Anwol Chorqe E<juols Itie Sum of the Following Hems-

(U Interest Chorges on Origirvol Inveslnient ai 6%

.

(2) Sirvkinq Fund Chorges • (rirpM Wtiere r - t^te,TQKen d .06

And n = Number of Yeora Ufe of the Structure.

i3) Molritenorwic Changes = '/z of Orlginol TrvvestToent Spreod Over

The Period of Lite of the Structure.

10 16 ^6 Zs

L/F£ OF Trestle m Years



408 Wooden Bridges and Trestles

a creosoted ballasted deck trestle costing 1.8 times as much would have to

have a life of 23j'2 years to be as economical as the imtreated structure.

Ballasted deck trestles have the advantage of a better riding track, less

maintenance, and the fire hazard of hot coals, sparks, burning waste, cigars,

etc., dropped from trains nearly eliminated. It is the opinion of the Com-
mittee that such a structure will have a life greatly in excess of the mini-

mum required for economy as compared with untreated trestles.

The above discussion is based on the assumption that the cost for timber

in place will be same for each successive renewal. It is probable, how-

ever, on account of the increasing cost of timber and labor that the cost

of timber in place will increase to a considerable extent between renewals,

so that the savings accomplished by the use of creosoted timber will be

even greater than indicated.

The strength of creosoted timber as compared with untreated has

been studied to a considerable extent, but the data obtainable is conflicting

and unsatisfactory. In general, pine takes creosote more readily than

Douglas fir, and the strength is little affected under modern processes of

treatment. The high temperature used in some of the earlier steaming

and boiling processes of treating fir have decidedly lessened the strength.

The methods are being improved, however, and it is thought that the fir

being treated at the present time has lost little if any of its original

strength. Tests are now under way which are expected tO' bear this out.

With proper preservation processes in the treating of timber the same

working stresses can be used for creosoted timber structures as for untreated

structures. The specifications for treatment and the quality of timber

used must be considered in assigning working stresses.

The fire hazard of creosoted timber is less than for untreated timber

after the creosoted timber has been exposed to the weather six months to

one year, permitting the more volatile oils tO' evaporate. This is borne

out by tests on the ignition point of treated and untreated timbers and

by tests on amount of treated and untreated timber consumed by fire under

similar conditions as reported in the National Fire Protection Association's

Proceedings for 1915, also' by the observation of numerous cases oi fire in

creosoted timber structures.

The treatment of timber prolongs its life and utilizes certain species

of timber that are not suitable in the untreated state. Sapwood, although

subject to rapid deterioration from decay, is inherently as strong as heart-

wood and takes treatment more readily and, therefore, while objectionable

in untreated bridge timbers, is desirable in timbers to be treated.

Creosoted timber has proven more serviceable for use in water infected

with marine borers, where untreated timber cannot be economically used.

The effect of creosote in timber is not detrimental to the metal used

for fastenings (see A.R.E.A. Proceedings, 1917).

Conclusions

The Committee, after careful study of the subject "The Value of

Treated Timber in Wooden Bridges and Trestles," has reached the fol-

lowing conclusions

:
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1. Treated timber is more economical than untreated timber in wooden

bridges and trestles and should be used for these structures except when

the construction is temporary.

2. Timbers which are to be creosoted should be completely framed

before treatment. If it is necessary to cut or damage the surfaces after

treatment, they should have several coats of hot creosote applied to pro-

tect them.

3. If properly handled in the creosoting plants, the strength of the

timber is not materially reduced and can be used with the same working

stresses as untreated timber.

4. The fire hazard is somewhat reduced, and if ballasted deck bridges

are constructed of treated timber, the hazard from inflammatory material

dropped from trains is nearly eliminated.

5. Creosote in timber is not injurious to the metal fastenings.

6. Sapwood when treated is preferable to heartwood. It is inherently

as strong and takes the creosote more readily.

Appendix D

(3) BEST METHODS OF MAINTAINING AT A MINIMUM,
CONSISTENT WITH ECONOMY, THE QUANTITY AND
MULTIPLICITY OF SIZES OF LUMBER AND TIMBER
CARRIED IN RAILWAY STOCK

Charles Chandler, Chairman, Sub-Committee; F. E. Bates, C. M. Chumley,

W. J. Gooding, S. F. Grear, E. M. Grime, F. M. Hawthorne, A. P.

Himes, L. V. Lienhard, J. R. C. Macredie, G. W. Rear, J. T.Vitt, S. L.

Wonson.

At the meeting of Committee VII held in Chicago in November this

subject was very thoroughly discussed by all members present and on ac-

count of the broad field which this subject covers and the fact that the

members of the Committee had not been able up to the time of the meeting

to properly study the subject, it was thought best to make no report to

the Association at the present time, but ask that the Association permit the

Committee to carry it over until next year in order that the subject might

be given more thorough consideration.





REPORT OF COMMITTEE XII—RULES
AND ORGANIZATION

W. C. Barrett, Chairman; E. H. Barnhart, Vice-Chairman;
M. M. Backus, B. R. Kulp,
D. P. Beach, W. C. Mack,
Theo. Bloecher, Jr., W. W. Marshall,
R. G. BowEE, J. A. Peabody,
H. L. Browne, H. J. Pfeifer,

E. N. Burrows, R. N. Priest,

P. D. Coons, J. W. Stevens,

J. L. Downs, C. H. Tillett,

J. M. Fair, R. E. Warden,
E. F. Gorman, F. B. Wiegand,
H. H. Harsh, C. R. Wright,
J. L. Jamieson, Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects

:

1. Revision of the Manual (Appendices A and B).

2. Continue the study of Rules for Inspection of Bridges, Trestles

and Culverts, collaborating with the appropriate committees (Appendix C).

3. Collaborate with Committee VI—Buildings on rules and regulations

governing the conduct of employees of the Building Department (Ap-

pendix D).

4. Continue the study and report on "Manual of Rules for the Guid-

ance of Employees of the Maintenance of Way Department" (Appendices

E and F).

5. Prepare and submit a Table of Contents and an Index covering

the "Manual of Rules for the Guidance of Employees of the Maintenance

of Way Department" (Appendix G).

Action Recommended

(1) Appendix A covers a revision of Rules 260 to 284, inclusive, in

Supplement to Manual, Bulletin 279, September, 1925. These revisions

are the result of collaboration with Committee XXII—Economics of Rail-

way Labor, and are also reported by them in line with their assignment.

It is recommended that these revised rules be approved for printing in the

Manual in the place of ones now therein.

Appendix B constitutes a partial renumbering and topical rearrange-

ments in order to make the rules follow in more logical sequence. The
Committee requests the privilege of an entire renumbering of all the rules

prior to the printing of the Manual in 1927 so as to make provision for

future additions or deletions. It is not prepared at the time of the submis-

sion of this report to make a definite recommendation but expects to be in

position to do so before the Manual is ready to go to press. The partial

Bulletin 293, January, 1927.

411



412 Rules and Organization

renumbering and topical changes were made necessary in order to fulfill

the first portion of assignment No. 5 in the submission of a Table of

Contents, which is given in Ap'pendix G.

The Committee reports progress on the major portion of Subject No.

1—to go over the entire subject-matter in the Manual selecting such ma-

terial as may properly be classified as rules and after collaboration with

the proper standing committee, make recommendations for such material

as may be suitable for adoption as rules—to be added to the "Manual of

Rules for the Guidance of Employees of the Maintenance of Way Depart-

ment." It has no definite recommendations this year.

(2) In Appendix C is given the complete report of the revision and

additions as the result of collaboration with Committees on Iron and Steel

Structures, Wooden Bridges and Trestles, and Masonry with this Com-
mittee. These committees have agreed to the subject-matter as given in

Appendix C. The Committee on Records and Accounts was not in position

to pass on the forms but tentative numbers have been given to these

forms. That Committee, however, advised that they offered no objection

to the forms. It is recommended that the revision of rules as given in

Appendix C be approved for printing in the Manual substituting for those

therein.

(3) In Appendix D is given the report of additional rules for build-

ings which have been passed upon by Committee VI—Buildings. It is

recommended that these rules be approved for printing in the Manual.

(4) A questionnaire was prepared and submitted to the membership

covering the proposed organization and duties of employees in connection

with the handling of work train equipment as published for information

on pages 11 to 79 of Bulletin 280, October, 1925. This questionnaire was

as follows

:

1. Have you an organization for handling work equipment on your
road ?

2. If so, please briefly outline your organization.

3. Would you consider such an organization as outlined in skeleton

form in Bulletin 280, pages 11 to 79, inclusive, October, 1925, practical

and workable? '

4. If you do not so consider it, have you any changes to suggest?
5. Ho'W is work equipment now handled on your road? (a) As to

distribution; (b) As to emergency allotment.

6. How are repairs to work equipment handled? (a) Light repairs;

(b) Heavy repairs.

7. If repairs are made on line of road by Maintenance of Way forces,

outline organization unit.

8. If rebuilding or complete overhauling of work equipment is done in

shops under Maintenance of Way forces, outline organization unit.

9. Give any suggestions you may have, in general, for handling work
equipment.

10. If not covered by any of the above, outline the way work equip-
ment is handled on your road.

Answers were received from sixty-two railroads, and the summary
of the answers on the more important questions is as follows :
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1. Nine have organizations.

2. Forty-nine consider proposed organization would work satisfac-

torily for large systems ; three consider it too bulky and one considers it

not practical.

5. (a) Work equipment handled on seven roads by Operating De-
partment, from General Manager down to Superintendent : on fourteen

roads by Chief Engineer or his Assistant ; on three roads by the Supervisor
of Work Equipment, and on thirty-eight roads by Maintenance of Way
officials down to and including Division Engineer.

(b) Emergency calls for work equipment handled on five roads
by Operating Department, from General Manager down ; on fourteen roads
by Chief Engineer or his Assistant ; on thirty-one roads by Maintenance
of Way officials down to and including Division Engineer.

6. (a) Light repairs to work equipment made on eighteen roads by
operator, on thirty-four roads by Maintenance of Equipment forces, on
seven roads by Maintenance of Way Department forces, and on three roads
by work equipment inspectors or repairmen.

(b) Heavy repairs to work equipment made on fifty-five roads in

Maintenance of Equipment Department shops and on seven roads in Main-
tenance of Way shops.

8. Of the seven roads replying that heavy repairs were handled in

Maintenance of Way shops, four have only exclusive Maintenance of
Way shops ; on the other three repairs are made in Maintenance of Equip-
ment shops under direction cf work equipment operator.

9. The following are all the suggestions made on the proposed organ-
ization and duties. One road suggests that motor cars be separate from
work equipment ; another suggests closer co-operation between the Main-
tenance of Equipment and Maintenance of Way Departments, while two
roads advocate the location of central Maintenance of Way shops for
handling heavy repairs and division Maintenance of Way shops for han-
dling light repairs.

The Committee after reviewing the answers received from the ques-

tionnaire, and considering the fact that the organization heretofore approved

provides no duties for officers above that of Division Engineer, recom-

mends that the duties of divisional officers under the Division Engineer

as shown in Appendix E, Nos. 490 to 520, inclusive, for Supervisors of

Work Equipment, Work Equipment Repairmen and Work Equipment opera-

tors be approved for printing in the Manual.

In Appendix F are given Rules for the Care of Motor Cars, prepared

by Committee XXII—Economics of Railway Labor, and passed upon by

this Committee, which it is recommended be approved for printing in the

Manual.

(5) Appendix G gives the Table of Contents recommended by the

Committee. It will be noted that in this Table of Contents there are

several subjects which have not been covered but it is felt that the Table

of Contents will also serve as an outline for future work. It is recom-

mended that Appendix G be used as a Table of Contents for the "Manual

of Rules for the Guidance of Employees of the Maintenance of Way
Department."

Owing to the fact that this subject was not assigned until late the

Committee has not had time to prepare an Index. Further, it feels that

such an Index should be alphabetically arranged and properly cross-refer-
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enced but that it would not be feasible to prepare an index so arranged

until page numbers are assigned. Therefore it has no index to offer this

year.

Recommendation for Future Work

(1) Revision of the Manual—making a study of the subject-matter

of each Standing Committee, extracting from it such material as may be

properly classed as rules, collaborating with the proper standing committee.

(2) Continue the study and report on Manual of Rules for the Guid-

ance of Employees of the Maintenance of Way Department, with special

reference to

—

(a) Duties of motor car operators and maintainers.

(b) Rules for dressing ballast.

(c) Rules for maintenance of bridges and other terminal struc-

tures, collaborating with the proper standing committees.

(3) Prepare, if possible, an Index for the "Manual of Rules for the

Guidance of Employees of the Maintenance of Way Department," same

to be alphabetically arranged and properly cross-referenced.

Respectfully submitted.

The Committee on Rules and Organization,

W. C. Barrett, Chairman.
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Appendix A

(1) RULES FOR THE OPERATION OF MOTOR, HAND,
PUSH AND VELOCIPEDE CARS

(Revisions suggested by Committee XXII, in collaboration with

Committee XII)

Present Form
None.

261. No one except a responsible

employee who has been qualified will

be allowed to operate motor, hand
or velocipede cars upon the main
track.

262. No change.

263. No change.

264. Employees must not get on
or off a moving car from the front

or side. The use of seats on the ends
of hand or push cars is prohibited.

265. Tools must be placed on cars

with care. Track jacks or other tools

must not be carried on the front of

the car.

266. Employees operating motor,
hand or velocipede cars must provide
themselves with whistle or other de-

vice which must be sounded at all

highway grade crossings and at all

other points when necessary to warn
workmen or others of the approach
of the car.

267. Employees operating cars on
main tracks shall, when practicable,

obtain information regarding trains,

but such information will not relieve

them from the responsibility of pro-

tecting their cars. They will see

that their cars are clear of the main
track for regular scheduled trains

and, when blocked by an operator

or the dispatcher, must report clear

when out of the block or clear of

the main track. No open telegraph

office shall be passed without stop-

ping and ascertaining the location of

all trains.

Proposed Form
261. Cars must not be operated

when known to be in unsafe con-
dition.

262. No one except a responsible

employee who has been qualified and
authorized will be allowed to oper-

ate motor, hand or velocipede cars

upon the main track.

263. No change.

264. No change.

265. Employees must not get on or
off a moving car from the front or
side. The use of seats not securely

affixed to cars is prohibited.

266. Tools and material must be
properly placed on cars to prevent
their falling off. Track jacks must
not be carried on the front end of
the car.

Eliminate.

267. Employees operating cars on
main tracks shall, when practicable,

obtain information regarding trains,

but such information will not relieve

them from responsibility of protect-

ing their cars. They will see that

their cars arc clear of the main
track for regular scheduled trains

and, when blocked by an operator or
the dispatcher, must report clear

when out of the block or clear of
the main track. Cars must be op-
erated with the expectation of find-

ing the main track in use and care
exercised to avoid striking other

cars.
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Present Form
268. Where practicable, cars must

be run on outside main tracks or
on sidings in the direction of traffic.

A sharp lookout must be maintained

in both directions, where possible.

269. When approaching road
crossings at grade, the car must be
under complete control, and the em-
ployee in charge must know that

highway travelers will not be en-

dangered, before going on the cross-

ing. If the crossing is protected by
flagman, the operator must get sig-

nal from him before proceeding.

When required by rule or law, a
proper warning must be given when
approaching highway crossings at

grade.

273. Cars must not be attached to

engines or trains, nor run closer than
500 feet behind moving trains.

274. The space between two or

three hand cars when running must
not be less than 30O feet ; that be-

tween two or three motor cars or a
hand car and a motor car must not
be less than 60O feet. A car in

advance must not be stopped until

the following car has been signaled.-

The employee in charge of two* or

three cars so run must ride on the

second car. When more than three

cars are run, they must be divided

into groups of three or less, the

front car of each group being run
not less than 1200' feet behind the

last car of the preceding group, and
each group being run as specified

above.

282. Motor cars must not be
shipped on trains unless absolutely

necessary. When necessary to ship

them, the gasoline tanks must be
drained.

Proposed Form
268. Where practicable, cars must

be run on outside main tracks in the

direction of traffic or on sidings. A
sharp lookout must be maintained in

both directions, and where the vision

is obscured or impaired, flagging

rules must be observed.

269. When approaching workmen
on or near track, or when approach-
ing road crossings at grade, the car

must be under complete control or

stopped, and the employee in charge
must know that the workmen or

highway traveler will not be endan-
gered before proceeding. If the

crossing is protected by flagman, the

operator must get signal from him
before proceeding. When required

by rule or law, a proper warning
must be given when approaching
highway crossings at grade.

273. Cars must not be attached to

engines or trains and they must not

be run closer than 500 feet behind
moving trains nor stopped within 200
feet of standing trains.

274. Unless coupled, space between
twO' or three cars when running
must not be less than 50O feet. A
car in advance must not be stopped
until the following car has been
signaled. The employee in charge of

two- or three cars so run must ride

on the second car. When more than
three cars are run, they must be
divided into groups of three or less,

the front car of each group being

run not less than 1200 feet behind
the last car of the preceding group,

and each group being run as speci-

fied above.

282. When necessary tO' ship

motor cars on train, gasoline tanks

and carburetors must be drained.
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Appendix B

H. H. Harsh, Chairman, Sub-Committee.

Partial renumbering of rules and changes in topical arrangement in

Manual of 1921 and Supplements thereto printed in

Bulletins 279, 280.

Present For;

None.

None.

310-311.
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Present Form

None.

1800-1815, inc. No change.

None.

Page 68, Bulletin 280, Supplement
to Manual, topic, "Handling Ex-
plosives, Scrap and Refuse Ma-
terial."

None.

Page 69, Bulletin 280, Supplement
to Manual, topic, "Explosives."

Proposed Form

Page 44, Bulletin 279, Supplement to

Manual, after Rule 745, insert

general topic "Other Track Ma-
terial (Exclusive of Frogs and
Switches).

2000-2015, inc. No revision.

Page 68, Bulletin 280, Supplement
to Manual, before Rule 3000 in-

sert general topic, "Miscellane-
ous Rules and Information."

Topic, "Handling Scrap and Re-
fuse Material."

Page 69, Bulletin 280, Supplement to

Manual, ahead of Rule 3025 in-

sert topic "Handling Explosives."

Eliminate topic.

Appendix C

RULES FOR INSPECTION OF BRIDGES, TRESTLES, AND
CULVERTS

E. H. Barnhart, Chairman, Sub-Committee.

Refer to Manual, 1921—pages 610-624—renumber paragraphs one to

eight, inclusive, 2050 to 2057, inclusive.

Eliminate paragraph nine.

Renumber paragraphs ten to thirteen, inclusive, 2058 to 2061,

inclusive.

Substitute for paragraphs thirteen to eighteen, inclusive, the fol-

lowing renumbered as shown.

WOODEN STRUCTURES
2070 (A) The Division Bridge Inspector shall examine all wooden

bridges and trestles.

Points to be Examined :

(a) Approaches—for surface and line and ballast section.

(b) Decks—for rails spiked in accordance with standards with full

bearing on each tie, particularly where ties are renewed out of

face ; inside guard rails placed in accordance with standards
;
guard

timber for soundness and projection of guard rail bolts above top

of running rail.

(c) All members—boring where it seems necessary in order to deter-

mine definitely interior conditions.

(d) Splices.

(e) Bearing at ends of members for decay or crushing.

(f) All members—see that they are in place, straight and sound.
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(g) Angle blocks—for breaks or cracks.

(h) Gib plates—noting bearing on timber.

(i) Rods—noting if they are in adjustment.

(j) Bents and trestles—noting if they are plumb and have transverse

and longitudinal bracing,

(k) Piles—when used.

(1) All other parts of structure not specifically mentioned in this

paragraph.
2071. The Division Bridge Inspector must report any odd sizes of

lengths of timber found in the structure which are not standard or any
new work which has been done not conforming with standards.

2072. When the adjustment or replacement of a member is necessary,

it must be done under the personal supervision of the or his

representative.

2073. The Division Bridge Inspector shall examine the property
underneath and adjacent to the structure and report any fire hazard, weeds,
dead grass, vines, drifts, etc., that should be removed. He must also report

the condition of the fire protection equipment.

STEEL STRUCTURES

2080. The Division Bridge Inspector shall examine all Steel Structures.

Points to be Examined:
(a) Deck

Size, spacing and depth of ties over supports.

Uniformity of bearing of ties.

Condition of timber as tO' defect and decay.

Number and size of defective ties, guard timbers, and guard rails.

Fastenings of ties.

Fastenings of guard timbers and guard rails.

Size of tie plates.

Condition of walks and railings.

Condition of planking between rails and between tracks.

Condition of refuge bays.

Condition of ballasted deck.

Whether waterproofing is effective or requires repairs.

(b) Fire Protection
Description and condition of fire protection.

(c) Track
Condition of rails, joints, and fastenings.

Alinement of track and its relation to the steel structure.

Surface of track on bridge and on approaches.

Where the track is out of line or surface, the report shall show
the location, amount, and probable causes.

(d) Shims and Blocking
Condition of shims and blocking, giving description and location,

making sketch if necessary.

(e) Bridge Seat.s

Condition as to defects and cleanness.

(f) Anchors and Bearings
Whether the superstructure is securely anchored to the masonry.
Whether bed plates, rollers, and pedestals are clean, in correct

position, and have full bearing.

Whether rollers are operating properly.

Whether there are any flaws or breaks in bearings.
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(g) Expansion
Clearance between expansion ends and masonry on adjoining spans.

Whether there is any apparent movement of the masonry,

(h) Paint
Condition of paint.

Date of last painting, number of coats and kind of paint, as

stenciled on the bridge.

Whether spot painting or repainting is necessary,

(i) Straightness and Alinement of Members
Condition of individual members as to bends and kinks.

Camber of trusses.

Alinement of trusses, girders, floor members, and towers.

Adjustment of eye-bars and counters,

(j) Damage from Blows
Parts damaged by blows from equiprnent, lading or floating objects.

Location and extent of damage, making sketch to- show parts dam-
aged and repairs suggested,

(k) Cracks and Breaks
Cracks and breaks, especially in fioor connection angles, hangers,

pin plates, fillets of angles of flanges and posts, and in end
sections of lower chords or flanges over or near bearings.

(1) Pins, Pin Holes, and Nuts
Condition of pins and pin holes, as to^ movement and wear.
Pins should be observed under traffic if practicable. The report

shall give the location of the pins observed, the amount of

movement of the pins, and the wear of pins and pin holes if it

can be determined.
Whether pin nuts are tight,

(m) Rivets and Turned Bolts
Location and number of rivets and turned bolts that are loose and

of rivets that have badly corroded heads, giving special atten-

tion to floor connection,

(n) Corrosion
Condition of members as to loss of section from corrosion, noting

extent of such action, with measurements of remaining sec-

tion if members are badly corroded,
(o) Cleanness

Collection of dirt on horizontal surfaces,

(p) Movable Bridges
1. Lubrication

Wiiether a lubrication chart is posted and the instructions on it

are followed.

Whether moving parts have been kept sufficiently lubricated.

They should be observed during operation. The report shall

show whether lack of lubrication is due to inattention or to

inadequate facilities. If facilities are inadequate, complete
information shall be given with recommendation for im-
provement.

2. Gears
Condition of gears as to:

Accurate meshing.
Fit on shafts.

Fit on keys.

Breaks, flaws, and excessive wear.
Protection against falling objects.

Cleanness.

3. Bearings
Whether bearings have proper linings and good running fit.

Whether shafting is accurately alined and whether collars and
thrust bearings are in adjustment.
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Attachments of caps to bases and of bearings to supports.

Alinement, fit, and wear of trunnions and trunnion bearings.

4. Castings
Condition of wedges, sheaves, locking devices, rollers, treads,

etc., as tO' breaks, or flaws which might cause breaks.

5. Cables
Adjustment of cables as indicated by slackness, inclination of

equalizer bars, or uneven seating of spans.

Condition of cables as to rust and excessive accumulations of

hardened grease.

Broken wires and broken strands.

Condition as to lubrication.

Working clearances.

End connections and clamps.
6. Clutches and Brakes

Working condition and cleanness.

7. Pow-er Equipment
Condition for delivering the necessary power.
Whether properly maintained.

8. Mechanical Features
Operating condition.

Adjustment of balance wheels.

Adjustment of wedges or other lifting devices.

Entire turntable of swing bridges.

Rail locks and signal interlocking connections.

Navigation lights.

Clearances through a complete cycle of operation.

Balance through a complete cycle of operation.

Safety devices—electrical and mechanical.
Lightning protection of power plant and superstructure.

Condition and adjustment of guides, centering devices, buffers,

and bridge locks.

Condition and fastenings of racks, tracks, and tread plates.

9. Counterweights
Condition of counterweights and their supports.

10. Operating Diagram
Whether an operating diagram is posted.

11. Record of Openings
Whether a complete record is being kept of bridge openings,

vessel movements, and happenings affecting the interests of
the Railway Company.

2081. The Inspector shall report indications of overload or failure

in any part of the bridge. He shall observe the behavior of the bridge
during the passing of live load, if practicable, noting excessive vibration,

deflection, and side sway.
2182. Attachments of wires, pipes, etc., that may be harmful to the

bridge shall be reported.

MASONRY AND COMPOSITE STRUCTURES
2090. The Division Bridge Inspector shall examine all masonry, con-

crete, and composite structures including masonry and concrete foundations
of all structures.

(A) Points to be Examined:

(a) The inspector shall first examine the structure for any indication
of settlement or other movement. This may be shown by incc|uali-

ties in the line or surface of the track or by improper space between
the back walls and the ends of the supported superstructure.

(b) He shall watch the structure under passage of trains to see whether
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there is any movement in any joints or courses of masonry or any
tipping or working of the structure as a whole.

(c) The pedestals and bridge seats shall be examined for indications

of crushing or settlement or other movement.
(d) Expansion joints and bearings shall be examined to see that the

movement is not restricted.

(e) Investigation shall be made for signs of undue weathering, disin-

tegration, cracks, crushing, leakage, bulging or need of pointing.

(f) A careful inspection shall be made at the water or ground line for

disintegration due to the action of water or ice.

(g) The inspection of foundations shall include an examination for

indications of scouring or undermining and when necessary, sound-

ings shall be taken for this purpose.

(h) In connection with the inspection of arches and culverts, sufficient

examination shall be made to indicate the need for additional pro-

tection in the form of paving, inverts, apron walls or curtain walls.

(i) If definite and reliable records are not available, a field examination
shall be made to determine the type and physical condition of the

foundation.

(j) Soundings shall be taken to determine the relative elevation oi
the bed of stream and the bottom of the masonry.

(k) Attention shall be given to any signs of failure to arch rings as

may be indicated by cracks or a flattening of the arch.

(1) Reinforced concrete structures shall be examined for any indica-

tions of leakage or softening of the concrete. Any instances in

which the reinforcement is exposed or rush stains appear, shall

be reported.

. (m) The provisions for drainage shall be examined to see if they func-
tion properly.

(B) General:

(a) The inspector shall, so' far as possible, obtain the history of any
defects in order tO' determine, if possible, the exact cause.

(b) In calling attention to defects, mention shall be made as tO' whether
these have the appearance of recent development or whether they
seem to be of long standing. The inspector shall compare conditions

with those recorded from previous inspections and report any
change.

(c) In reporting cracks in masonry, the inspector shall state whether
they have the appearance of surface checks or cracks which would
indicate incipient failure. In the latter case, permanent marks shall

be mad'e on either side of the cracks and measurements taken so

that developments can be accurately determined.

(d) When signs of settlement or movement are noted, lines and levels

shall be run and reference marks established so that subsequent
movement can be determined.

CULVERTS AND PIPES
2100. The Division Bridge Inspector shall examine all culverts and

pipes.

Points to be Examined:

(a) General
(a) Openings—noting if they are in good condition, clean and free

of all debris.

(b) Ends—noting if the water is undercutting or scouring.

(b) Masonry Culverts
(a) Walls and roof—noting cracks, disintegration, crushing, leak-

age, bulging or need of pointing.



Rules and Organization 423

(c) Wooden Box Culvert
(a) Roof and side walls—noting if there is any buckling, and, if

size of culvert permits, if all timber is sound.

(d) Pipes
(a) Settlement, cracking, or pulling apart of pipe.

(e) The Division Bridge Inspector shall report if there is need for

additional protection in the form of paving, inverts, apron
or curtain walls.

RECORDS

2110. The upon receiving reports from the Divi-

sion Bridge Inspector, after carefully examining same shall have the infor-

mation entered on a card index file. This index file should have guide
cards for each location and class of bridge and sufficient data cards back
of each guide card on which to copy essential information from the Division
Inspectors' reports.

2111. The location guide card shall show "Location or Milepost," Divi-
sion, Valuation Section and Number.

2112. The guide cards for various classes of bridges shall be different

colors, as steel, wooden, composite, etc.

2113. The inspection data cards shall show the bridge number, location,

date erected, character, etc., and have sufficient space in which to write
the important facts shown on inspection forms ; one or more cards being
used for the bridge as the case may require.

FORMS
2115. Form 1111 rev.—to be used by Division Bridge Inspector for

general inspection of all bridges, trestles and culverts should be printed in

books of 100 or more leaves, each leaf being perforated and having a carbon-
ized back. The backs of the books should be stiff cardboard or linen and
size should not exceed 4^ inches by 6^ inches.

2116. Form 1111-A to be used by Bridge Inspectors for special inspec-
tion of steel structures only.

2117. Form 1110 (Title)—Periodical report to his superior officer,

2118. Form 11 10-A—Card record index file guide card.
2119. Form 1110-B—Card record index file inspection data card.

DESIGNATION AND ABBREVIATION OF SEVERAL MEMBERS
OF STEEL STRUCTURES

(Information: no changes in pages 620-624, ^lanual, 1921)
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4i X 6j"

NORTH AND SOOTH RAILROAD

Fom llll-reT

Division Bridge No.

Date

Condition of Structure

NOTE: Strike out items which do not apply to the Bridge inspected; Ok items not
needing attentioni X Items raauirlng special attention.

Deck

Stringers

Caps

Bents

Girder

Truss

Masonry

Paint

Repairs

Work Required to

keep Structure
in Good Condition

Hork Required to

Keep Structure
Safe,
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Form 1111-A

NORTR AND SOUTH RAILROAD

_Dlvl3lon Bridge No.

Condition of Structure

DESCRIPTION: Nane, number, length and kinds of spans_

1. Nunber Board
2. Waterway
5. Highwater Harks
4. Deck

Ties
Guard Timbers
Guard Rails
Planking
Refuge Bags

Hook Bolts
Guard Timber Bolts

Guard Rail Fastenings
Track alignment
Track level
Track Fastenings
Tie Plates

5. Fire Protection
6. Shims and Blocking
7. Bridge Seats

8. Anchors and Bearings
9. Expansion
10 Paint
11 Stralghtness and Alignment of Uembers

12 Damage from Blows

15 Cracks and Breaks

14 Pins, Pinholes and Nuts

15 Rivets and Turned Bolts

16 Corrosion
17 Clearances
18 Movable Bridges

19 Vibrstlon, Deflection and Side Sway

20 Attachments

Remarks:
Iteas requiring ionediate attentlon_

Iteas requiring attention for good condition_



426 Rules and Organization

Form 1110
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Form 1110-A

J V.

BRAHCH

Stylt

Kq. Spp-nn
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ne - "t. Praw No. Sk?*.

S^

Form 1110-B
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Appendix D

BUILDINGS

E. H. Barnhart, Chairman, Sub-Committee

(Compiled by Committee XII, in Collaboration with Committee VI

—

Buildings)

1661. Before depositing new concrete on or against concrete which has

set, the surface of the latter must be roughened, thoroughly cleaned of

foreign material and saturated with water, and a thick coat of rich grouting

spread over the surface immediately before placing new concrete.

1662. In patchwork first concrete should be placed with force by throw-
ing from paddle and allowed to^ harden undisturbed. The first concrete

should be kept wet until thoroughly hardened. Patches should be built up
by successive application in same way.

1663. Common and face brick work must be laid even and true to

line, plumb and level. Brick should be thoroughly wetted either by inv
mersion or sprinkling before laid, except in freezing weather.

1664. All brick courses should be proportioned so that they will work
out evenly with heights of windows and doors without split or fractional

courses.

1665. The mortar must be thoroughly mixed and used at once. No
mortar which has frozen or hardened beyond the point of reworking into

plastic mass shall be used.

1666. Centers of approved type must be provided for all openings.

They must be well supported and rigidly braced, so as tO' properly carry

the load until the brick work has set.

1667. All openings, anchors, bearing plates, ties and nailing blocks

must be properly located.

1668. Bricic flues must have approved form of fireproof lining so

located as to reduce fire hazard ; brick flues not provided with fire brick

lining must be provided with terra-cotta flue lining and all joints in this

lining must be completely filled with mortar. Special precautions must be
taken, where new masonry work joins up with old masonry work, tO' see

that the old work is sufficiently bonded, anchors provided and work keyed
so that an absolutely tight and neat bond is assured between old and new
work.

1669. All mill work and finished lumber must be protected from the

sun and rain until used. Framing must be done tO' give close joints. All

corners and angles must be solid and well braced.

1670. Joists, must be of the dimensions and spaced as shown on the

plans. Joists must not be levelled on wooden blocks or chips. Headers
and trimmers must be of sufficient strength to carry the load.

1671. Roof trusses must be framed and built in strict accordance with
detail plans, accurately fitted and securely nailed, spiked or bolted. Chords
of trusses should preferably be of one piece and must be set level, plumb
and securely braced longitudinally and in the planes of the top' chord.

Rafters and purlins must be accurately set with solid bearing over the wall

plates or beams and securely fastened at all points. Sheathing must be of
uniform width, securely fastened at every bearing and the joints broken on
the rafters.

1672. Siding must be placed horizontal with tight square butt joints

closely and accurately fitted against all casings and sills.

1673. Flooring must be laid so joints come over and are broken on
joists with the least possible waste.

1674. Window and door frames must be set true and plumb, braced,

protected and securely anchored.
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1675. Stairs must be strongly and rigidly built to meet local conditions

and when exposed to the weather, treads provided with proper pitch.

1676. Flashing must be properly placed to insure roof from leaking.

1677. Guarantee of ready prepared roofing should not be fully relied

on to give proper results. Records of service must be kept to see that

guarantee is being carried out.

1678. Downspouts and gutters should be placed outside the buildings

whenever possible and must be protected against damage, and cleaned

regularly.

1679. Green lath must not be used. Lath must be moistened before

plaster is applied. Metal lath used in damp or salt air climate must be

painted or back plastered.

1680. Lath must be securely fastened at every bearing with broken

joints and no lath should extend beyond any corner or angle.

1681. Proper temperature must be maintained to prevent plaster from
freezing. Lime and cement must be stored in a dry place until used.

1682. All openings in walls must be made before plastering.

Appendix E

SUPERVISORS OF WORK EQUIPMENT
E. H. Barnhart, Chairman, Sub-Committee

490. Supervisors of Work Equipment report to and receive instruc-

tions from the Division Engineer.
491. They will be in charge, on their respective divisions, of such

work equipment as may be under the general supervision of the Division
Engineer.

492. They must report their movements daily to the Division Engineer
and Chief Dispatcher.

493. They will be responsible for the operation and maintenance of
all equipment while under their charge.

494. They must see that the repairmen are properly equipped with
tools and supplies, that they perform their work efficiently and make proper
reports.

495. They must make a quarterly inspection of all work equipment,
reporting on the prescribed form to the Division Engineer, stating the
condition and when repairs will be necessary.

496. They must make a monthly report of the performance of work
equipment under their jurisdiction, giving amount of work accomplished,
cost of fuel, lubricants and other supplies necessary to run the machines
and cost of repairs.

497. Division Engineer must be notified when necessary to take any
work equipment out of service. Prompt notice must be given when again
ready for service.

498. They will keep daily record of locations of each machine, together
with such records of performance as are necessary to make the required
reports.

499. They must see that Work Equipment Repairmen and Operators
make the required reports on the costs of repairs and operation of the
machines under their charge.

WORK EQUIPMENT REPAIRMEN
505. Work Equipment Repairmen report to and receive instructions

from the Supervisor of Work Kfiuipment.
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506. They will have immediate charge of helpers, laborers and all

other force under them engaged in the maintenance of work equipment.

507. They will keep such records regarding the cost of repairs to work
equipment and other roadway machines as the Supervisor may direct and
make the required reports of work done and of the receipt, distribution

and use of material.

508. They will have charge of and be responsible for the proper main-
tenanace of all work equipment and roadway machines on their assigned

territory.

509. They must know the exact condition of work equipment and

roadway machines under their jurisdiction, making inspection of them at

every available opportunity.

510. They will have charge of and be responsible for such tools and
material as are necessary for the performance oi their work and must
know that these are properly used.

511. Work equipment and roadway machines, including motor cars,

must not be shipped to the equipment shop for repairs unless repairs are

of such nature that they cannot be performed economically in the field.

512. Equipment in unsafe condition must not be permitted to remain

in service.

WORK EQUIPMENT OPERATORS
515. Work Equipment Operators report tO' and receive instructions

from the Supervisor of Work Equipment.
516. They will have charge of any helpers assigned to their machine.

517. They will make the required reports covering the operation of

the machine as the Supervisor of Work Equipment may direct and will

forward them as instructed.

518. They must know the exact condition of the machine under their

charge; that it is in proper condition toi do the work efficiently, and if,

in their judgment, such machine is not performing efficiently, they must
notify the Supervisor, in detail, wherein such machine is not in condition.

519. They will have charge of such tools and equipment as may be

assigned to them and if any such tools are not in proper condition, must
notify the Supervisor of Work Equipment.

520. They must not ship machine to shop for repairs except upon
proper authority from the Supervisor of Work Exiuipment, but when such

machine is forwarded, they must see that it is properly prepared for safe

movement and in case an operator does not accompany the machine, all

brass and other valuable parts, easily removable, should be taken off,

boxed and shipped separately.

Appendix F

RULES FOR THE CARE OF MOTOR CARS

E. H. Barnhart, Chairman, Sub-Committee

(Prepared by Committee XXII—Economics of Railway Labor,

285. An employee, in order tO' properly qualify himself tO' operate a
motor car, must thoroughly understand the complete cycle oi operation of

the engine, study the printed booklet of instructions furnished by the

maker, and acquaint himself with the gasoline circuit, the electric equip-

ment and circuit, the methods of lubrication, and the proper methods O'f

starting and stopping the engine and car.

286. Motor cars must be inspected carefully before starting to detect
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loose or broken parts and to see that the wheels are in proper alinement.

When running, attention must be given to any unusual noise about the

engine or car, and the car must be stopped and adjusted before proceeding.

In making long runs the car must be stopped periodically and examined
for overheated parts or bearings and to insure proper lubrication.

287. Motor cars must be thoroughly cleaned and all bolts and nuts

tightened at least once each week. A thorough inspection of all parts

must be made when car is overhauled or cleaned.

288. Engine must not be raced or left running when the car is

standing.

289. All wearing parts and bearings of engine and car must be kept

properly lubricated. When lubricated gasoline is used, it must be properly

proportioned and mixed before placing in the fuel tank.

290. In case of motors having water cooling systems, \vater tanks

and radiators or jackets must be kept properly filled, and during freezing

temperatures the>' must be protected against freezing or the water drained

when not in use.

291. More than the required number of dry cell batteries must not

be used. Spark coil vibrator must be kept clean and properly adjusted.

Spark plugs must be kept clean and free from carbon. Timers must be

kept clean, well oiled and in proper adjustment. Wiring must be properly

insulated and comiections kept tight.

292. To secure the lowest maintenance and highest efficiency of the
engine, the carburetor must be adjusted by a competent man and must not
be tampered with. Gas line must be kept free from stoppage and leaks
immediately repaired.

293. In case of belt driven cars, tension on belts must not be excessive.
In the case of friction disk drive, the disk must be kept clean and dry
and free from oil.

294. Extreme care must be exercised in the handling of gasoline, and
gasoline should preferably be stored in tanks removed from the motor car
house. Gasoline must be strained before placing in fuel tank. Fuel tank,
oil cans and funnels must be kept clean.

295. The employee in charge of motor car will be furnished with
proper complement of required tools and will be responsible for their use
and care.

296. Care must be exercised in placing motor car on or of? the track
and in loading or unloading tools, to avoid disturbing the adjustment of
engine or damage to engine or car.
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Appendix G

MANUAL OF RULES FOR THE GUIDANCE OF EMPLOYEES
OF THE MAINTENANCE OF WAY AND STRUC-

TURES DEPARTMENT
E. H. Barnhart, Chairman, Sub-Committee

TABLE OF CONTENTS
Rule Nos.

General Notice
General Rules 1-32

Operating Rules 100-158
Rules for the Government of Employees Working on or About

the Track 200-211

Rules for the Guidance of Employees in Electrified Territory. 220-257
Rules for the Operation of Motor, Hand, Velocipede and

Push Cars 260-284
Rules for the Care of Motor Cars 285-296

Organization

Explanatory Information Covering

Duties of Divisional Maintenance Officers

Rule Nos.
Division Engineers 300-301

Supervisors of Track 305-315

Section Foremen 325-343

Extra or Floating Gang Foremen 350-351

Watchmen 355-359

Supervisors of Bridges and Buildings 365-373

General Foremen 380-381

Bridge and Building Foremen 385-389

Mason Foremen 395-399

Painter Foremen 405-410

Supervisors of Water Service 420-422

Water Service or Gang Foremen 425-434

Water Service Repairmen 440-445

Pumpers '. 450-458

^SUPERA^ISORS OF MoTOR CaRS 460
Motor Car Foremen 470-475

*MoTOR Car Maintainers 480
*Motor Car Operators

Supervisors of Work Equipment 490-499

Work Equipment Repairmen 505-512

Work Equipment Operators 515-520

Supervisors of Signals 530-540

Signal Foremen 550-556

Signal Maintainers 560-594

Duties of Telegraph and Telephone Officers

General Foremen 600-608

Assistant General Foremen 1

Supervisors of Lines { 620
Inspectors of Outside Plant J
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Foremen Line Gangs 625-628

Telegraph and Telephone Maintenance Section
Linemen 635-643

Conduct of Work
Care of Right-of-Way 650

Fencing 655

Mowing 660
Cleaning 665

Care of Roadbed
Drainage 670-685

Care of Roadway 690-691

Ties
Storage 695

Inspection of Renewals 700
Method of Renewals 705-708

Use of Tie Plugs 710
Records 715

Rail
Distribution and Handling 720-721

Renewals 722-731

Bonding 735

Replacement—Inspection of Rail in Track 740-742

Broken Rails 745

Other Track Material (Exclusive Frogs and Switches)
Joint Bars 750-752
Track Bolts 755-758
Spring Washers 760
Track Spikes 765-766
Anticreepers 770-771
Tieplates 775-776

Ballast
Cross Section 780
Unloading 785
Applying 790-796
Dressing 800

Lining and Surfacing 811-815
Shimming 820-826
Gaging 830-834
Elevation of Curves and Easements at End of Same. 840-843

Frogs and Switches 851-864

Switch Ties 870-871

Track Signs and Posts 875-876

Road Crossings 880-882

Track Tools 891-895

Signals and Interlocking
Track Circuits 900-910
Line Circuits 913-924
Relays and I ndicators 950-957
Insulated Wires and Cables 980-1013
Batteries—Lead Acid Type Storage—

Installation 1100-1118
Initial Charge 1130-1137
Maintenance 1150-1175
Method of Charging 1190-1194
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Rule Nos.
Batteries—Operation

All Types 1210-1233

Stationary Type 1250-1252

Batteries—Out of Service 1270-1275

Batteries—Dry Cells 1300-1308

Batteries—Gravity Cells
General 1330

Setting up 'Nkw Cells 1331-1340

Taking Cells out of Circuits 1341-1343

Cleaning Cells 1344-1354

Batteries—Caustic Soda Cells
Setting Up 1370-1374

Taking Cells out of Circuit 1375-1376

Reversing Cells 1380-1385

Signals 1450-1465

Interlocking Plants 1500-1514

Buildings
General 1650-1682
Painting 1700-1717

Water Service
Boilers and Steam Pumps 1725-1731

Oil Engines 1732-1744

Electric Motors 1747-1757

Water Softeners 1758

*Bridges
Wooden Structures
Steel Structures
Masonry and Composite Structures
Culverts and Pipes

*Other Terminal Structures

Inspection of Buildings
General 2000-2007
Field Inspection 2008-2011

Records 2012-2015

Forms 2020-2024

Inspection of Bridges
General 2050-2061
Field Inspection

Wooden Structures 2070-2073
Steel Structures 2080-2082
Masonry and Composite Structures 2090
Culverts and Pipes 2100

Records 2110
Forms 2115-2120

Miscellaneous Rules and Information
Rule or

Paragraph No.
Handling Scrap and Refuse Material 3000-3006
Handling Explosives

Dynamite 3020-3037
Inflammable Oils 3050-3055

Procedure in Case of Accident
General 3100-3105

Accidents 3125-3135
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First Aid to the Injured
Shock 3150
Examination 3155
Hemorrhage or Bleeding 3160-3166
Wounds 3170-3171
Burns 3175
Broken Bones—Fractures 3180-3183
Eye Injuries 3190-3193
Electric Shock 3200-3204
Artificial Respiration 3210
Drowning—Suffocation 3215
Sunstroke and Heat Exhaustion 3220-3225
Emergency Cases 3230-3233
Splints 3240
Stretchers 3245-3248

Note :—Items marked * not yet submitted.





REPORT OF COMMITTEE XX—UNIFORM
GENERAL CONTRACT FORMS

Clark Dillenbeck, Vicc-Chainnan,

F. L. Nicholson,
C. B. NiEHAUS,
W. G. Nusz,
H. A. Palmer,
Huntington Smith,
Charles Silliman,
E. L. Taylor,
C. A. Wilson,
John Worley,

J. C. Irwin, Chairman;
C. Frank Allen,
W. H. Brameld,

J. B. Carothers,
W. A. Duff,
W. D. Faucette,
F. H. Fechtig,
B. Herman,
J. S. Lillie,

A. A. Miller,
O. K. Morgan, Committee.

To the Avterican Railzcay Engineering Association:

Your Committee respectfully presents herewith report covering

the following subjects:

1. Revision of the Manual (Appendix A).

2. Form of Agreement for Furnishing Water from Railway Water

Systems to Employees and Others (Appendix C).

3. Form of Agreement for Joint Use of Freight Terminal Facilities

(Appendix B).

4. Form of Agreement for the Purchase of Water (Appendix C).

5. Form of Agreement for Use of Railway Property for Public High-

ways (Appendix B).

6. Form of Construction Contract for Particular Items of Work
(Appendix A—No Progress).

7. Form of Contract for Cost-Plus Percentage Work (Appendix D

—

Progress Report).

8. Outline of Work for Ensuing Year.

Action Recommended

1. That the changes in the Manual recommended in Appendix A,

consisting of a Revision of the Form of Construction Contract, be

approved and that the revised version be substituted for the present

text in the Manual.

2. That the Form of Agreement for Furnishing Water from Rail-

way Water Systems to Employees and Others, as printed in Appendix

C, be approved for publication in the Manual.

3. That the Form of Agreement for Joint Use of Freight Terminal

Facilities, as printed in Appendix B, be received as information and

for discussion.

4. That the Form of Agreement for the Purchase of Water, as

printed in Appendix C, be approved for publication in the Manual.

5. That the Form of Agreement for Use of Railway Property for

Public Highways, as printed in Appendix B, be received as information

and for discussion.

Bulletin 293, January, 1927.
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6. That the Form of Construction Contract for Particular Items

of Work be continued in the outline of work for this Committee.

7. That the Form of Contract for Cost-Plus Percentage Work be

continued in the outline of work for this Committee.

Recommendation for Future Work

1. Revision of the Manual.

2. Continue the study of the Form of Agreement for Joint Use

of Freight Terminal Facilities.

3. Continue the study of Form of Agreement for Use of Railway

Property for Public Highways.

4. Form of Construction Contract for Particular Items of Work.
5. Form of Contract for Cost-Plus Percentage Work.

6. Outline of work for ensuing year.

Respectfully Submitted,

The Committee on Uniform General Contract Forms,

J. C. Irwin, Chairman.

Appendix A

F. L. Nicholson, Chairman, Sub-Committee; C. F. Allen, Clark Dillen-

beck, W. D. Faucette, O. K. Morgan, Charles Silliman, C. A.

Wilson.

The work assigned to this Sub-Committee was:

1. Revision of the Manual.

2. Form of Construction Contract for Particular

Items of Work.

(1) REVISION OF THE MANUAL

Your Sub-Committee reported last year that there was no matter

in the Manual pertaining to the Uniform General Contract Forms that

was obsolete, ,nor could any appreciable condensation be made. After

careful consideration the Committee decided that results of greatest

value could be obtained by confining its studies to the "Form of Con-

struction Contract" adopted in 1913, and the revisions thereto, and to

offer such revisions as thought desirable in light of experience and

modern conditions and requirements.

The Committee is also studying other contract forms now printed

in the Manual and its supplements, and reports progress on that work.

As a result of this study the Committee has revised the Form of

Construction Contract both in substance and in the arrangement of

the various sections and presents the revised form herewith, with the

recommendation that it be adopted as standard and printed in the

Manual in place of the present form as shown in parallel columns

below.
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(2) FORM OF CONSTRUCTION CONTRACT
Present Proposed

This Agreement, made this THIS CONTRACT, made this

day of in the year .... day of in the

, by and between year by and between

party of the first part, hereinafter hereinafter called the CONTRAC-
called the Contractor, and TOR, and

party of the second part, herein-

after called the Company:
WITNESSETH, That, in con-

sideration of the covenants and
agreements hereinafter mentioned,
to be performed by the parties

hereto, and of the payments here-
inafter agreed to be made, it is

mutually agreed as follows:

The Contractor shall furnish all

the materials, superintendence, la-

bor, equipment and transportation,
except as hereinafter specified,

and shall execute, construct and
finish, in an expeditious, substan-
tial and workmanlike manner, to

the satisfaction and acceptance of

the Chief Engineer of the Com-
pany

hereinafter called the COMPANY:

WITNESSETH, That, in con-
sideration of the covenants and
agreements herein contained, to
be performed by the parties here-
to, and of the payments herein-
after agreed to be made, it is

mutually agreed as follows:

The CONTRACTOR shall fur-

nish all of the materials, superin-
tendence, labor, tools, equipment
and transportation, except as here-
inafter specified, and shall execute,
construct and finish, in an expe-
ditious, substantial and workman-
like manner, to the satisfaction
and acceptance of the Chief Engi-
neer of the Company, all of the
work required for

in accordance with the plans here-

to attached identified by the signa-
tures of the parties hereto, or
herein described, and the follow-
ing general conditions, require-
ments and specifications, forming
part of this contract.

The work covered by this con-
tract shall be commenced

and be completed on or before the

day of 19

in accordance with the plans iden-
tified by the signatures of the
Contractor and the Chief Engi-
neer, dated , 19 ...

.

and described

and the Specifications hereto at-
tached, all of which are made a
part of this contract.

The work covered by this con-
tract shall be commenced on or
before the .... day of
19...., and shall be completed on
or before the .... day of
19
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Present Proposed

time being of the essence of this And, whereas, TIME being of

contract the essence of this contract and it

is agreed that the Company would
suffer loss by the failure of the
Contractor to have said work
completed in all its parts on said

day, and as it might be difficult

and expensive to accurately com-
pute the amount of such loss ; in

order to avoid such expense and
difficulty, the Contractor hereby
expressly covenants and agrees to

pay the Company the sum of

dollars per day for each
and every day, Sundays and legal

holidays only excepted, after said

day of during
or upon which the said work or
any part thereof remains incom-
plete and unfinished, not as a

penalty, but as the liquidated ac-

tual losses which the Company
will suffer on account of any fail-

ure on the part of the Contractor
to have the said work completed
in all its parts on said day; and
that any sum which may be due
the Company for such losses may
be deducted and retained by the
Company from any balance which
may be due the Contractor when
the said work shall have been
finished and accepted as herein-
after provided. It is, however,
agreed that in case any failure to

complete the said work or some
part thereof on said day shall be
due to any cause beyond the Con-
tractor's control and for which the

, Chief Engineer has granted an
extension of time, such delays
form no part of the number of

days for each and every one of

which the Contractor is to pay to

the said Company the sum of

dollars, as herein speci-

fied.

And in consideration of the

completion of the work described

herein, and the fulfillment of all

stipulations of this agreement to

the satisfaction and acceptance of

the Chief Engineer of the Com-
pany, the said Company shall pay,

or cause to be paid to said Con-
tractor, the amount due to the

Contractor, based on the follow-

ing prices:

And in consideration of the
completion of the work described
herein, and the fulfillment of all

stipulations of this contract to the
satisfaction and acceptance of the
Chief Engineer of the Company,
the said Company shall pay, or
cause to be paid, to said Contrac-
tor, the amount due to the Con-
tractor, based on the following
prices:
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Present Proposed

GENERAL CONDITIONS

3. Intent of Plans and Speci- 1. Intent of Plans and Speci-

fications. No change. facations. All work that may be

called for in the specifications and
not shown on the plans, or shown
on the plans and not called for

in the specifications, shall be exe-

cuted and furnished by the Con-
tractor as if described in both
these ways; and should any work
or material be required which is

not denoted in the specifications

or plans, either directly or indi-

rectly, but which is nevertheless

necessary for the proper carrying

out of the intent thereof, the Con-
tractor is to understand the same
to be implied and required, and
shall perform all such work and
furnish any such material as fully

as if they were particularly de-

lineated or described.

2. Contractor's Understanding. 2. Contractor's Understanding.

No change. It is understood and agreed that

the Contractor has, by careful

examination, satisfied himself as to

tiie nature and location of the

work, the conformation of the

ground, the character, quality and
quantity of the materials to be

encountered, the character of

equipment and facilities needed
preliminary to and during the

pro.<;ecution of the work, the gen-
eral and local conditions, and all

other matters which can in any
way affect the work under this

contract. No verbal agreement or

conversation with any officer,

agent or employee of the Com-
pany, either before or after the

execution of this contract, shall

affect or modify any of the terms
or obligations herein contained.
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Present

30. Land of Company, Use of,

by Contractor. No change.

7. Consent to Transfer. The
Contractor shall not let or trans-

fer this contract or any part there-

of (except for the delivery of

material) 'without consent of the

Chief Engineer, given in writing.

Such consent does not release or
relieve the Contractor from any
of his obligations and liabilities

under the contract.

Proposed

3. Land of Company, Use of,

by Contractor. The Company shall

provide the land upon which the

work under this contract is to be

done, and will, so far as it can
conveniently do so, permit the

Contractor to use so much of its

land as is required for the erec-

tion of temporary construction
facilities and storage of materials,

together with the right of access

to same, but beyond this, the Con-
tractor shall provide, at his cost

and expense, any additional land
required.

4. Consent to Transfer. The
Contractor shall not let or trans-

fer this contract or any part there-

of (except for the furnishing and
delivery of material) without con-
sent of the Chief Engineer, given
in writing. Such consent does not
release or relieve the Contractor
from any of his obligations and
liabilities under the contract.

19. Risk. No change.

24. Engineer and Chief Engi-
neer. No change.

25. Power of Engineer.
change.

No

5. Risk. The work under this

contract in every respect shall be
at the risk of the Contractor until

finished and accepted, except dam-
age or injury caused directly by
Company's agents or employees.

6. Engineer and Chief Engi-
neer. Wherever in this contract

the word Engineer is used, it shall

be understood as referring to the

Chief Engineer of the Company,
acting personally or through an
assistant duly authorized in writ-

ing for such act by the Chief
Engineer, and wherever the words
Chief Engineer are used it shall

be understood as referring to the

Chief Engineer in person, and not
to any assistant engineer.

7. Power of Engineer. The
Engineer shall have power to re-

ject or condemn all work or ma-
terial which does not conform to

this contract; to direct the appli-

cation of forces to any portion of

the work which, in his judgment,
requires it; to order the force in-
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Present

None.

26. Adjustment of Dispute. No
change.

1. Bond. The Contractor shall,

at the time of the execution and
delivery of this contract, and be-
fore the taking effect of the same
in other respects, furnish and de-
liver to the Company a written
bond of indemnity to the amount
of dollars, in form and
substance and with surety thereon
satisfactory and acceptable to the
Company, to insure the faithful

performance by the Contractor of

all the covenants and agreements
on the part of the Contractor con-
tained in this contract.

This bond shall remain in force

and effect for the full amount or
such smaller sum as may at any
time be specified by the Chief
Engineer.

4. Permits. Permits of a tem-
porary nature necessary for the

prosecution of the work shall be
secured by the Contractor. Per-
mits for permanent structures or
permanent changes in existing

facilities shall be secured by the

Company.

Proposed

creased or diminished, and to de-
cide questions which arise between
the parties relative to the execu-
tion of the work.

8. Waiver. It is expressly un-
derstood and agreed that any
waiver on the part of the Com-
pany or the Engineer, of any term,
provision or covenant of this con-
tract, shall not constitute a prece-

dent, nor bind the Company or

the Engineer, to a waiver of any
succeeding breach of the same" or

any other of the terms, provisions
or covenants of this contract.

9. Adjustment of Dispute. All

questions or controversies which
may arise between the Contractor
and the Company, under or in

reference to this contract, shall be
subject to the decision of the
Chief Engineer, and his decision

shall be final and conclusive upon
both parties.

10. Bond. The Contractor un-
less notified to the contrary, shall,

at the time of the execution and
delivery of this contract, and be-
fore the taking effect of the same
in other respects, furnish and de-
liver to the Company a written
bond of indemnity to the amount
of , Dollars, ($ .)

in form and substance and with
surety thereon satisfactory and
acceptable to the Company, to
insure the faithful performance by
the Contractor of all the covenants
and agreements on the part of the
Contractor contained in this con-
tract.

This bond shall remain in force

and effect for the full amount or

such smaller sum as may at any
time be specified by the Chief
Engineer.

11. Permits. Permits of a tem-
porary nature necessary for the
prosecution of the work shall be
secured and paid for by the Con-
tractor. Permits for permanent
structures or permanent changes
in existing facilities shall be se-

cured and paid for by the Com-
pany.
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Present

14. Insurance.

None.

15. Indemnity. The Contrac-
tor shall indemnify and save
harmless the Company from and
against all losses and all claims,
demands, payments, suits, actions,

recoveries, and judgments of every
nature and description brought or
recovered against it, by reason of

any act or omission of the said

Contractor, his agents or em-
ployees, in the execution of the
work or in consequence of any
negligence or carelessness in

guarding the same.

Proposed

12. Fire Insurance. The Con-
tractor shall secure in the name
of the Company, policies of fire

insurance in amount, form and
companies, satisfactory to the
Chief Engineer, upon such struc-

tures and material as shall be
specified by the latter, payable to

the Company for the benefit of

the Contractor or the Company,
as the Chief Engineer shall find

their interests to appear.

13. Workmen's Compensation
Insurance. The Contractor shall

comply with all the laws of the
State where the contract is to be
performed, arising under any
"Workmen's Compensation Act,"
and shall at all times carry and
pay the premiums on all policies

of insurance required by the laws
of the State where the work is

being performed, under any
"Workmen's Compensation Act,"
so that the Company shall be
fully protected from any and all

claims for damages for personal
injury, including death, which
may arise from operations under
this contract, whether such opera-
tions be by himself, or by any
subcontractor, or anyone directly

or indirectly employed by either

of them. Certificates of such in-

surance shall be filed with the
Chief Engineer, if he so requires,

and shall be subject to his ap-
proval for adequacy of protection.

14. Indemnity. The Contrac-
tor shall indemnify and save harm-
less the Company from and against
all losses and all claims, demands,
payments, suits, actions, recov-
eries and judgments of every
nature and description made,
brought or recovered against the

Company by reason of any act or
omission of the Contractor, his

agents or employees, in the execu-
tion of the work, or in guarding
the same.

In case no bond is furnished the
Company may require indemnity
insurance in amount, form and
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Present

8. Superintendence. The Con-
tractor shall constantly superin-

tend all of the Avork embraced in

this contract, in person or by a

duly authorized manager accept-
able to the Company.

34 (b). Notice—How Served.
Any notice to be given by the

Company to the Contractor under
this contract shall be deemed to

be served if the same be delivered

to the man in charge of any office

used by the Contractor, or to his

foreman or agent at or near the
work, or deposited in the post-
office, postpaid, addressed to the
Contractor at his last known place
of business.

5. Protection. No change.

9. Timely Demand for Points
and Instructions. No change.

11. Preservation of Stakes. The
Contractor must carefully pre-

serve bench marks, reference

Proposed

substance satisfactory and accept-

able to the Company, which in-

surance shall provide for the pro-

tection of the Company against

failure of the Contractor to com-
ply with the conditions of this

covenant. The Contractor shall

take out and pay the premiums on
such insurance.

15. Superintendence. The Con-
tractor shall constantly superin-

tend all of the work embraced in

this contract, in person or by a

duly authorized representative ac-

ceptable to the Company.

16. Notice—How Served. Any
notice to be given by the Com-
pany to the Contractor under this

contract shall be deemed to be
served if the same be delivered to

the person in charge of the office

used by the Contractor, or to his

representative at or near the work,
or deposited in the postoffice,

postpaid, addressed to the Con-
tractor at his last known place of

business.

17. Protection. Whenever the

local conditions, laws or ordi-

nances require, the Contractor
shall furnish and maintain, at his

own cost and expense, necessary
passageways, guard fences and
lights and such other facilities and
means of protection as may be
required.

18. Timely Demand for Points
and Instructions. The Contractor
shall provide reasonable and nec-
essary opportunities and facilities

for setting points and making
measurements. He shall not pro-
ceed until he has made timely de-
mand, upon the Engineer for, and
has received from him, such points
and instructions as may be neces-
sary as the work progresses. The
work shall be done in strict con-
formity with sucli points and in-

structions.

19. Preservation of Stakes. The
Contractor sliall carefully pre-
serve bcncli marks, reference
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points and stakes, and in case of
wilful or careless destruction, he
will be charged with the resulting
expense and shall be responsible
for any mistakes that may be
caused by their unnecessary loss

or disturbance.

10. Report Errors and Discrep-
ancies. If the Contractor, in the
course of the work, finds any dis-

crepancy between the plans and
the physical conditions of the
locality, or any errors or omis-
sions in plans or in the layout as
given by said points and instruc-
tions, it shall be his duty to im-
mediately inform the Engineer, in
writing, and the Engineer shall
promptly verify the same. Any
work done after such discovery,
until authorized, will be done at
the Contractor's risk.

12. Inspection. No change

13. Defective Work or Mate-
rial. No change.

Proposed

points and stakes, and in case of

wilful or careless destruction, he
will be charged with the resulting

expense and shall be responsible
for any mistakes that may be
caused by their unnecessary loss

or disturbance.

20. Report Errors and Dis-
crepancies. If the Contractor, in

the course of the work, finds any
discrepancy between the plans and
the physical conditions of the
locality, or any errors or omissions
in plans or in the layout as given
by points and instructions, it shall

be his duty to immediately inform
the Engineer, in writing, and the
Engineer shall promptly verify

the same. Any work done after

such discovery, until authorized,
will be done at the Contractor's
risk.

,

21. Inspection. All work and
material shall be at all times open
to the inspection, acceptance or

rejection of the Engineer or his

authorized representative. The
Contractor shall give the Engi-
neer reasonable notice of starting

any new work and shall provide
reasonable and necessary facilities

for inspection even to the extent
of taking out portions of finished

work; in case the work is found
satisfactory, the cost of taking
out and replacement shall be paid
by the Company. No work shall

be done at night without the pre-
vious approval of the Engineer.

22. Defective Work or Mate-
rial. Any omissions or failure on
the part of the Engineer to dis-

approve or reject any work or
material shall not be construed
to be an acceptance of any defec-
tive work or material. The Con-
tractor shall remove, at his own
expense, any work or material
condemned by the Engineer, and
shall rebuild and replace the same
without extra charge, and in de-
fault thereof the same may be
done by the Company at the Con-
tractor's expense, or in case the
Chief Engineer shall not consider
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18. Work Adjacent to Rail-
road. Wherever the work em-
braced in this contract is near the
tracks, structures or buildings of

this Company or of other rail-

roads, the Contractor shall use
proper care and vigilance to avoid
injury to persons or property.
The work must be so conducted
as not to interfere with the move-
ment of trains or other operations
of the railroad; or, if in any case
such interference be necessary,
the Contractor shall not proceed
until he has first obtained specific
authority and directions therefor
from the proper designated officer

of the Company and has the ap-
proval of the Engineer.

6. Rights of Various Interests.
No change.

20. Order and Discipline. No
change.

Proposed

the defect of sufficient importance
to require the contractor to re-

build or replace any imperfect

work or material, he shall have
power, and is hereby authorized,

to make an equitable deduction
from the stipulated price.

23. Work Adjacent to Railway
or Other Property. Wherever
the work embraced in this con-

tract is near the tracks, structures

or buildings of this Company or

of other railways, or persons, the

Contractor shall use proper care

and vigilance to avoid injury to

persons or property. The work
shall be so conducted as not to

interfere with the movement of

trains or other operations of the

railway; or, if in any case such
interference l^e necessary, the

Contractor shall not proceed until

he has first obtained specific au-

thority and directions therefor

from the proper designated officer

of the Company and has the ap-

proval of the Engineer.

24. Rights of Various Interests.

Wherever work being done by
Company forces or by other con-

tractors is contiguous to work
covered by this contract, the re-

spective rights of the various in-

terests involved shall be estab-

lished by the Engineer, to secure

the completion of the various por-

tions of the work in general

harmony.

25. Order and Discipline. The
Contractor shall at all times en-

force strict discipline and good
order among his employees and
any employee of the Contractor
who shall appear to be incompe-
tent, disorderly or intemperate, or

in any other way disqualified for

or unfaithful to the work entrust-

ed to him, shall be discharged
immediately on the request of the

Engineer, and he shall not again
be employed on the work without
the Engineer's written consent.

21. Contractor Not to Hire 26. Contractor Not to Hire
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Employees. No

27. Order of Completion: Use
of Completed Portions. No change.

28. Changes. The Company
shall have the right to make any
changes that may be hereafter
determined upon, in the nature or
dimensions of the work, either
before or after its commencement,
and such changes shall in no way
afifect or void the obligations of

this contract. If such changes
make any change in the cost of
the work, an equitable adjust-
ment shall be 'made by the Chief
Engineer to cover the same.

29. Extra Work. No change.

Proposed

Company's Employees. The Con-
tractor shall not employ or hire

any of the Company's employees
without the permission of the
Engineer.

27. Order of Completion; Use
of Completed Portions. The Con-
tractor shall complete any portion
or portions of the work on such
order of time as the Engineer
may require. The Company shall

have the right to take possession
of and use any completed or par-
tially completed portions of the
work, notwithstanding the time
for completing the entire work or

such portions may not have ex-
pired; but such taking possession
and use shall not be deemed an
acceptance of the work so taken
or used or any part thereof. If

such prior use increases the cost
of or delays the work, the Con-
tractor shall be entitled to such
extra compensation, or extension
of time, or both, as the Chief En-
gineer may determine.

28. Changes. The Company
shall have the right to make any
changes that may be hereafter
determined upon, in the nature or
dimensions of the work, either be-
fore or after its commencement,
and such changes shall in no way
afifect or void the obligations of

this contract. If such changes
make any change in the cost of

the work, an equitable adjustment
shall be made by the Chief Engi-
neer to cover the same, but the
Contractor shall not claim com-
pensation for anticipated profits.

29. Extra Work. No bill or
claim for extra work or material
shall be allowed or paid unless the
doing of such extra work or the
furnishing of such extra material
shall have been authorized in

writing by the Engi-
neer.

The price for such work shall

be determined by the Chief Engi-
neer, who may either fix a unit
price or a lump-sum price, or
may, if he so elects, provide that
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the price shall be determined by
the actual cost, to which shall be
added percent to cover
general expenses and superintend-
ence, profits, contingencies, use of

tools, Contractor's risk and liabil-

ity. If the Contractor shall per-

form any work or furnish any
material which is not provided
for in this contract, or which was
not authorized in writing by the
Engineer, said Contractor shall

receive no compensation for such
work or material so furnished, and
does hereby release and discharge
the Company from any liability

therefor.

If the Contractor shall proceed
with such extra work or the fur-

nishing of such extra material
after receiving the written author-
ity therefor, as hereinbefore pro-
vided, then such work or material,
stated in the written authority of

the Engineer, shall be covered,
governed and controlled by all the
terms and provisions of this con-
tract, subject to such prices as
may be agreed upon or fixed by
the Chief Engineer.

If the Contractor shall decline
or fail to perform such work or
furnish such extra material as
authorized by the Engineer in

writing, as aforesaid, the Company
may then arrange for the per-
formance of the work in any
manner it may see fit, the same
as if this contract had not been
executed, and the Contractor shall
not interfere with such perform-
ance of the work.

31. Unavoidable Delays; Ex-
tension of Time on Parts of

Work. If the Contractor shall be
delayed in the performance of the
work from any cause for wiiich
the Company is responsible, he
shall, upon written application to

the Chief Engineer at the time of

such delay, be granted such ex-
tension of time as the Chief En-
gineer shall deem equitable and
just.

32. Suspension of Work. No
change.

30. Unavoidable Delays; Ex-
tension of Time on Parts of
Work. If the Contractor sliall be
delayed in the performance of the
work from any cause beyond his

control, he may, upon written ap-
plication to the Chief Engineer
within three days of such delay,
be granted such extension of

time, as the Chief Engineer shall
deem equitable and just.

31. Suspension of Work. The
Company may at any lime stop
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33. Expediting Work, Correct-
ing Imperfections. (a) If the
Chief Engineer of the Company
shall at any time be of the opin-
ion that the Contractor is neglect-
ing to remedy any imperfections
in the work, or is not progressing

Proposed

the work, or any part thereof, by
giving .... days' notice to the
Contractor in writing. The work
shall be resumed by the Con-
tractor within ten (10) days after

the date fixed in the written notice
from the Company to the Con-
tractor so to do. The Company
shall not be held liable for any
damages or anticipated profits

on account of the work being
stopped, or for any work done
during the interval of suspension.
It will, however, pay the Contrac-
tor for expense of men and teams
necessarily retained during the
interval of suspension

;
provided the

Contractor can show that it was not

reasonably practicable to move
these men and teams to other
points at which they could have
been employed. The Company
will further pay the Contractor
for time necessarily lost during
such suspension at the rate of

per cent per annum on
the estimated value of materials,
equipment and fixtures furnished
by the Contractor on the work
which are necessarily idle during
such suspension, said rate of ....

per cent per annum being under-
stood to include depreciation, in-

terest and insurance. But if the
work, or any part thereof, shall

be stopped by the notice in writ-
ing aforesaid, and if the Company
does not give notice in writing to

the Contractor to resume work at

a date within of the
date fixed in the written notice
to suspend, then the Contractor
may abandon that portion of the
work so suspended and he will be
entitled to the estimates and pay-
ments for work done, on such
portion so abandoned, as provided
in Section 41 of this contract.

32. Failure of Performance by
Contractor, (a) If the Chief En-
gineer of the Company shall at
any time be of the opinion that
the Contractor is neglecting to
remedy any imperfections in the
work, or is not progressing with
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with the work as fast as necessary
to insure its completion within the

time and as required by the con-
tract, or is otherwise violating any
of the provisions of this contract,

said Chief Engineer in behalf of

the Company, shall have the

power, and it shall be his duty to

notify the Contractor to remedy
such imperfections, proceed more
rapidly with said work, or other-

wise comply with the provisions
of this contract.

Annulment, (b) In such case
the Company may give the Con-
tractor ten (10) days' written
notice, and at the end of that

time, if the Contractor continues
to neglect the work, the Company
may provide labor and materials
and deduct the cost from any
money due the Contractor under
this agreement; and may termi-
nate the emplo3'ment of the Con-
tractor under this agreement, and
take possession of the premises
and of all materials, tools and
appliances thereon, and employ
such forces as may be necessary
to finish the work. In such case
the Contractor shall receive no
further payment until the work
shall be finished, when, if the un-
paid balance that would be due
under this contract exceeds the

cost to the Company of finishing

the work, such excess shall be
paid to the Contractor; but if such
cost exceeds such unpaid balance,

the Contractor shall pay the dif-

ference to the Company.
In case of train haul of mate-

rial, unless otherwise provided in

this contract, the price for haul
shall be computed at cents
per cubic yard per mile. (This
shall also apply to 33 (c) )

Company May Do Part of

Work, (c) No change, except for

substitution of word contract for

agreement at the end of the last

line.

Proposed

the work as fast as necessary to

insure its completion within the

time and as required by the con-

tract, or is otherwise violating

any of the provisions of this con-

tract, said Chief Engineer, in be-

half of the Company, shall have
the power, and it shall be his duty
to notify the Contractor in writ-

ing to remedy such imperfections,

proceed more rapidly with said

work, or otherwise comply with

the provisions of this contract.

(b) If on the expiration of ten

(10) days after the serving of

such written notice upon the Con-
tractor, the Contractor shall con-

tinue to neglect the work and
shall fail to satisfy the Engineer
of his efforts, ability and inten-

tions, to remedy the specified

deficiencies, the Company may
terminate the employment of the

Contractor and may take posses-

sion of the work and of all mate-
rials, tools and appliances thereon,

and employ such means as may
be, in the Engineer's judgment,
necessary to finish the work. In

such case the Contractor shall re-

ceive no further payment until the

work shall be finished, when, if

the unpaid balance that would be
due under this contract exceeds
the cost to the Company of fin-

ishing the work, such excess shall

be paid to the Contractor; but if

such cost exceeds such unpaid
balance, the Contractor shall pay
the difference to the Company.

(c) Upon failure of the Con-
tractor to comply with any notice

given in accordance with the pro-

visions hereof, the Company shall

have the alternative right, instead

of assuming charge of the entire

work, to place additional forces,

tools, equipment and materials on
parts of the work for the purpose
of carrying on such parts of the
work, and the Contractor shall be
allowed therefor the contract
price. The Company may retain

the amount of the cost of such
work, with per cent added,
from any sum or sums due or to

become due the Contractor under
this contract.
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34. Annulment Without Fault
of Contractor, (a) The Com-
pany shall have the right at any
time, for reasons which appear
good to it, to annul this contract
upon giving notice in writing to

the Contractor, in which event the
Contractor shall be entitled to the
full amount of the estimate for

the work done by him under the
terms and conditions of this con-
tract up to the time of such an-
nulment, including the retained
percentage. The Contractor shall

be reimbursed by the Company
for such expenditures as in the
judgment of the Chief Engineer
are not otherwise compensated
for, and as are required in prepar-
ing for and moving to and from
the work; the intent being that
an equitable settlement shall be
made with the Contractor.

Proposed

2)Z. Annulment Without Fault
of Contractor. The Company shall

have the right at any time, for

reasons which appear good to it,

to annul this contract upon giving
notice in writing to the Contrac-
tor, in which event the Contractor
shall be entitled to the full

amount of the estimate for the
work done by him under this con-
tract up to the time of such an-
nulment, including the retained
percentage. The Contractor shall

be reimbursed by the Company
for such expenditures as in the
judgment of the Chief Engineer
are not otherwise compensated
for, and as are required in pre-

paring for and moving to and
from the work; the intent being
that an equitable settlement shall

be made with the Contractor.

34 (c) Removal of Equipment.
No change.

16. Settlement for Wages. No
change.

35. Failure to Make Payments.
Failure by the Company to make
payments at the times provided
in this agreement shall give the
Contractor the right to suspend

34. Removal of Equipment. In
case of annulment of this contract
before completion from any cause
whatever, the Contractor, if noti-

fied to do so by the Company,
shall promptly remove any part

or all of his equipment and sup-
plies from the property of the

Company, failing which the Com-
pany shall have the right to move
such equipment and supplies at

the expense of the Contractor.

35. Settlement for Wages.
Whenever, in the opinion of the

Chief Engineer, it may be neces-

sary for the progress of the work
to secure to any of the employees
engaged on the work under this

contract any wages which may
then be due them, the Company
is hereby authorized to pay said

employees the amount due them
or any lesser amount, and the
amount so paid them, as shown
by their receipts, shall be deducted
from any moneys that may be or
become payable to said Contractor.

36. Failure to Make Payments.
Failure by the Company to make
payments at the times provided in

this contract shall give the Con-
tractor the right to suspend
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work until payment is made, or
at his option, after thirty (30)
days' notice in writing, should
the company continue to default,

to terminate this contract and
recover the price of all work done
and materials provided and all

damages sustained, and such fail-

ure to make payments at the
times provided shall be a bar to
any claim by the Company
against the Contractor for delay
in completion of the work, due
to such suspension or failure to

pay.

17. Liens. No change.

36. Monthly Estimate. So long
as the work herein contracted
for is prosecuted in accordance
with the provisions of this con-
tract, and with such progress as

may be satisfactory to the Chief
Engineer, the said Chief Engineer
will on or about the first day of

each month make an approximate
estimate of the proportionate
value of the work done and of

material furnished or delivered

upon the Company's property at

the site of the work, up to and
including the last day of the

previous month. The amount of

said estimate, after deducting
.... per cent, and all previous
payments, shall be due and pay-
able to the Contractor at the of-

fice of the Treasurer of the Com-
pany on or about the
day of the current month.

Proposed

work until payment is made, or
at his option, after thirty (30)
days' notice in writing, should the
Company continue to default, to

terminate this contract and re-

cover the price of all work done
and materials provided and all

damages sustained, and such
failure to make payments at the
times provided shall be a bar to

any claim by the Company
against the Contractor for delay
in completion of the work, due to

such suspension or failure to pay.

37. Liens. If at any time
there shall be evidence of any lien

or claim for which the Company
might become liable, and which
is chargeable to the Contractor,
the Company shall have the right

to retain out of any payment then
due or thereafter to become due,
an amount sufficient to com-
pletely indemnify the Company
against such lien or claim, and if

such lien or claim be valid, the
Company may pay and discharge
the same, and deduct the amount
so paid from any moneys which
may be or become due and pay-
able to the Contractor.

38. Monthly Estimate. So
long as the work herein con-
tracted for is prosecuted in ac-

cordance with the provisions of

this contract, and with such pro-
gress as may be satisfactory to

the Chief Engineer, the said Chief
Engineer will, on or about the
first day of each month, make an
approximate estimate of the pro-
portionate value of the work done
and of acceptable material fur-

nished or delivered upon the
Company's property at the site of

the work, up to and including the
last day of the previous month.
The amount of said estimate
after deducting .... per cent
and all previous payments, shall

be due and payable to the Con-
tractor at the office of the Treas-
urer of the Company on or before
the day of the current
month.



454 Uniform General Contract Forms

Present

23, Cleaning Up. No change.

37. Acceptance. No change.

38. Final Estimates. Upon
the completion and acceptance of

the work, the Chief Engineer
shall execute a certificate over his

signature that the whole work
provided for in this agreement
has been completed and accepted
by him under the terms and con-
ditions thereof, whereupon the
entire balance found to be due to

the Contractor, including said re-

tained percentage, shall be paid
to the Contractor at the office of
the Treasurer of the Company
within .... days after the date
of said final certificate.

Before the time of payment of

said final estimate the Contractor
shall submit evidence satisfactory

to the Chief Engineer that all

payments, material bills and out-
standing indebtedness in connec-
tion with this work have been
paid.

This agreement shall inure to

the benefit of and be binding up-
on the legal representatives and
successors of the parties respec-
tively.

Proposed

It is understood and agreed
that the monthly estimates and
certificates on unfinished work
shall, in no case, be taken as an
acceptance of the work, or a re-

lease of the Contractor from
responsibility therefor, and that

in computing the final estimate,

the Chief Engineer need not be
bound by the preceding estimates
and certificates.

39. Cleaning Up. The Con-
tractor shall, as directed by the
Engineer, remove from the Com-
pany's property and from all

public and private property, at

his own expense, all temporary
structures, rubbish and waste
materials resulting from his op-
erations.

40. Acceptance. , The work
shall be inspected for acceptance
by the Company promptly upon
receipt of notice in writing that

the work is ready for such in-

spection.

41. Final Estimate. Upon the
completion and acceptance of the
work, the Chief Engineer shall

issue a final estimate over his

signature, covering work provided
for in this contract, completed
and accepted by him, under the
terms and conditions thereof,

whereupon the balance found to

be ' due the Contractor, including
the retained percentage, shall be
paid to the Contractor at the
office of the Treasurer of the
Company within days
after the date of said final esti-

mate, provided that, before the
payment of said final estimate,

the Contractor shall submit evi-

dence satisfactory to the Chief
Engineer that all payrolls, mate-
rial bills and outstanding indebt-

edness in connection with this

work have been paid.

This Contract shall inure to the

benefit of and be binding upon
the legal representatives and suc-

cessors of the parties respectively.
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In Witness Whereof, The par- In Witness Whereof, The par-

ties hereto have executed this ties hereto have executed this

agreement in the day contract, in the day
and year first above written. and year first above written.

Witness : Witness :

(2) FORM OF CONSTRUCTION CONTRACT FOR PAR-
TICULAR ITEMS OF WORK

Study has been given to this subject, but, because of its relation to

Item (1), the Sub-Committee recommends that reports be deferred

until the revision of "Form of Construction Contract" be completed.

Appendix B

E. L. Taylor, Chairman, Sub-Committee; J. B. Carothers, W. A. Duflf,

B. Herman, J. S. Lillie, W. G. Nusz.

The work assigned to this Sub-Committee was as follows:

(1) Form of Agreement for Joint Use of Freight Station Facilities.

(2) Form of Agreement for Use of Railway Property for Public

Highways.

(1) FORM OF AGREEMENT FOR JOINT USE OF FREIGHT
STATION FACILITIES

The discussion on the floor of the Convention indicated a desire

on the part of the membership to broaden the scope of the Form of

Agreement for Joint Use of Freight Station Facilities, and the Sub-

Committee has deemed it best on this account to change the title as

indicated below and submits the form as now revised for information

and discussion.

FORM OF AGREEMENT FOR JOINT USE OF FREIGHT
TERMINAL FACILITIES

This Agreement, made this day of 19.., by

and between a corporation organized and existing

under the laws of the of hereinafter called

the "A" Company; and a corporation

organized and existing under the laws of the of

hereinafter called the "B" Company.
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WITNESSETH :

That, in consideration of the covenants and agreements herein

contained, it is mutually agreed as follows:

Permit and Description

1. The "A" Company hereby permits the "B"

Company to use, during the life of this agreement, jointly with

"A" Company and any other railway company or com-

panies, now using or which the "A" Company may here-

after permit to use, the Freight Terminal and appurtenant facilities

of the "A" Company at in the of

and of described as follows:

(a) The Interchange Tracks designated by the "A"

Company for delivering and receiving cars handled or to be handled

for the "B" Company at said Freight Terminal and also

cars interchanged between the parties.

(b) The Freight Station comprising freight houses, freight ofhces,

platforms, cover sheds, driveways and house tracks.

(c) The Transfer Platform comprising platforms, cover sheds,

office and cranes and appurtenant tracks.

(d) The Team Track Yard comprising yard office, tracks and

driveways.

(e) The Icing Station comprising icing plant and appurtenant

tracks.

All being substantially as shown on plan numbered

dated designated as

signed by the of the respective companies (hereto attached and

made a part hereof).

Scope

2. The permission of joint use hereunder contemplated is con-

fined to the use by the "B" Company of the said Freight

Terminal and dppurtenant facilities of the "A" Company
for the sole purpose of conducting the freight business of the

"B" Company.

Services

3. The "A" Company shall furnish and control all

employees and appliances necessary in the judgment of the

"A" Company for the operation of said Freight Terminal

and appurtenant facilities.

(a) It is understood that any employee shall be removed from

service in said Freight Terminal upon the written request of the

"B" Company.

(b) The employees engaged in said Freight Terminal shall make

such reports to the "B" Company from time to time as

it may reasonably require, and any monies collected for the
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"B" Company shall be considered as its funds and re-

mitted as it may direct. The "A" Company shall not be re-

sponsible in any way for such collections and remittances and only

agrees to use ordinary care in the selection of its employees.

(c) The "B" Company may bond any employee in

said Freight Terminal it desires or may join with the "A"

Company in bonding any such employee.

4. The "B" Company shall at its sole expense and

as directed by the "A" Company switch from or to said

Interchange Tracks or such other tracks in said Freight Terminal as

may be designated from time to time by the "A" Company
cars empty or containing freight handled or to be handled by the

"A" Company for account of the "B" Com-
pany at said Freight Terminal.

The "A" Company shall inspect all cars placed on

said Interchange Tracks for itself and for the "B" Com-
pany in accordance with the rules of the American Railway Associa-

tion.

^ (a) A car brought into said Freight Terminal by either party, for

delivery to the other party, empty or containing freight solely for

such other party, shall be considered delivered with its contents, if

any, as soon as it has been placed on said Interchange Tracks, and

has passed inspection.

(b) A car brought into said Freight Terminal by either party,

containing freight for local delivery, or for transfer, or both and

freight for the other party shall be considered delivered with its con-

tents to such other party as soon as the freight of such party has been

removed therefrom.

(c) A car brought into said Freight Terminal by either party,

containing freight for local delivery, or for transfer for such party, or

both, shall, with its contents, be considered in possession of such

party.

(d) An empty car in possession of either party placed in said

Freight Terminal for loading and to be forwarded over the lines of the

other party shall be considered delivered to such other party as soon

as it has been so placed.

(e) Freight in a car brought into said Freight Terminal by either

party for transfer to the other party shall be considered delivered as

soon as it has. been safely loaded into the car in possession of such

other party.

(f) Notwithstanding any of the other provisions of this section,

in matters of interchange, the American Railway Association's Per

Diem Rules and Code of Rules Governing the Condition of, and Re-

pair to. Cars shall apply.

5. The "A" Company shall maintain said Freight

Terminal and appurtenant facilities in such a manner as may in its

judgment be necessary; shall pay all taxes and assessments on said
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Freight Terminal and appurtenant facilities and premiums on such

insurance thereon as may in its judgment be necessary; and shall

provide the electrical energy, heat, water, telephone service and other

accessories necessary in connection with the operation of said Freight

Terminal; provided, however, that the "B" Company shall,

at its own cost and expense, furnish all special printed forms and

stationery it may require for the conduct of its business.

6. The "B" Company shall pay to the "A"

Company monthly for the privilege of using said Freight Terminal

and appurtenant facilities and for the services performed for it by the

"A" Company, the following sums of money:

For' General Supervision of Said Freight Terminal, Use of Said Inter-

change Tracks, Inspection of Cars and Switching

A proportion of the costs and expenses of the following items to

be determined by the ratio of the number of cars switched from and

to said Interchange Tracks by the "B" Company to the

total number of cars switched into and out of said Freight Terminal

during such period.

(a) Interest at the rate of ....% per annum upon the value of

said Interchange Tracks which for the purpose of this agreement is

hereby agreed to be $....

(b) The sum of $.... per annum representing reserve for retire-

ment of said Interchange Tracks.

(c) Taxes and assessments on said Interchange Tracks.

(d) Expense of maintaining said Interchange Tracks.

(e) The wages paid by the "A" Company to the

Agents, Yardmasters, Car Foremen, Inspectors, Special Agents and

other employees not assigned to but whose services may be wholly

or partially required in connection with the work or in the supervision

of said Freight Terminal and appurtenant facilities.

(f) The cost of switching including rental of engine, wages of

engine and train crews, engine repairs, fuel, water, supplies, engine

house expenses and housing of engines.

For Use of ^aid Freight Station

A proportion of the costs and expenses of the following items to

be determined by the ratio of the number of tons of L. C. L. freight

handled at said Freight Station for account of the "B"

Company to the total number of tons of L. C. L. freight handled at

said. Freight Station during such period.

(a) Interest at the rate of ....% per annum upon the value of

said Freight Station which for the purpose of this agreement is hereby

agreed to be $. . .

.

(b) The sum of $.... per annum representing reserve for retire-

ment of the several component parts of said Freight Station.

(c) Taxes and assessments and premiums on said insurance on

said Freight Station and the cost of electrical energy, heat, water,

telephone service and other accessories at said Freight Station.
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(d) The expense of maintaining said Freight Station.

(e) The wages paid by the "A" Company to the

Agent, Clerks, Telegraph Operators, Laborers and other employees

engaged at said Freight Station.

For the Use of Transfer Platform

A proportion of the costs and expenses of the following items

determined by the ratio of the number of tons of L. C. L. freight

transferred for the "B" Company to the total number of

tons of L. C. L. freight transferred at said Transfer Platform during

such period.

(a) Interest at the rate of ....% per annum upon the value of

said Transfer Platform which for the purpose of this agreement is

hereby agreed to be $. . .

.

(b) The sum of $.... per annum representing reserve for retire-

ment of said Transfer Platform.

(c) Taxes and assessments and premiums on said insurance on said

Transfer Platform and the cost of electrical energy, heat, water, tele-

phone service and other accessories at said Transfer Platform.

(d) The expense of maintaining said Transfer Platform.

(e) The wages paid by the "A" Company to the

Foremen, Laborers, Clerks and other employees engaged in connec-

tion with transferring L. C. L. freight at said Transfer Platform.

For Use of Team Track Yard

A proportion of the costs and expenses of the following items

determined by the ratio of the number of cars inbound and outbound

handled for account of the ...."B" Company to the total num-
ber of cars inbound and outbound handled in said Team Track Yard.

(a) Interest at the rate of ....% per annum upon the value of

said Team Track Yard during such period which for the purpose of

this agreement is hereby agreed to be $

(b) The sum of $. . . . per annum representing reserve for retire-

ment of said Team Track Yard.

(c) Taxes and assessments on said Team Track Yard and pre-

miums on said insurance on said Team Track Yard Office and the cost

of electrical energy, heat, water, telephone service and other acces-

sories in connection with said Team Track Yard.

(d) The expense of maintaining said Team Track Yard.

(e) The wages paid by the "A" Company to the

Clerks, and other employees engaged at said Team Track Yard.

For Use of Said Icing Station

A proportion of the costs and expenses of the following items

determined by the ratio of the number of tons of ice furnished to cars

for account of the "B" Company to the total number of
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tons of ice furnished to all cars from said Icing Station during such

period.

(a) Interest at the rate of ....% per annum upon the value of

said Icing Station which for the purpose of this agreement is hereby

agreed to be $

(b) The sum of $.... per annum representing reserve for retire-

ment of said Icing Station.

(c) Taxes and assessments and premiums on said insurance on

said Icing Station, and the cost of electrical energy, heat, water,

telephone service and other accessories at said Icing Station.

(d) The expense of maintaining and operating said Icing Station.

(e) The wages paid by the "A" Company to the

Foremen, Clerks, Laborers and other Employees Engaged at said

Foremen, Clerks, Laborers and other employees engaged at said Icing

Station.

Bills rendered hereunder will include 10% overhead charge on

labor for supervision, transportation, accounting and similar items and

15% overhead charge on materials for supervision, storehouse expense,

transportation, accounting and similar items.

Bills are to be rendered monthly on or before the day of

each month and shall be paid within days thereafter, and no

bill shall remain unpaid for a longer period than days, but it

is agreed that if any items in said bills are not agreed to at the time

paid they may be later adjusted but no account or bill shall be open

for adjustment after it has been closed or paid for twelve months.

The "B" Company shall have the right to inspect the

records and accounts of the "A" Company relating to the

operation of said Freight Terminal at all reasonable times.

Additions and Betterments

7. In the event that any additions to, or betterments or improve-

ments of, the facilities of the "A" Company to be jointly

used by the "B" Company hereunder shall, at any time

hereafter and, during the life of this agreement, in the judgment of

the "A" Company, be deemed to be necessary for the

joint use of the parties hereto, then and in such event, the

"A" Company may, in its discretion and without the con-

currence of the "B" Company make and construct the

same, and thereafter the "B" Company shall pay additional

interest at the rate hereinbefore provided on the cost of said additions

and betterments as charged to the "A" Company's capital

account in accordance with the rules of the Interstate Commerce Com-
mission and shall also pay a proportion of the cost of maintenance and

operation of the same as hereinbefore provided.

Custody of Property

8. All cars of the "B" Company and the contents

thereof, while upon the said tracks of the "A" Company,
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as well as all freights held by or for account of the "B"

Company in, upon or about the said Freight House, Platform or other

Terminal facilities of the "A" Company so as to be jointly

used hereunder, as aforesaid, shall, for the purpose of this agreement,

be deemed and considered to be under the control and in the custody

and care of the "B" Company and the "B"

Company shall carry its own fire insurance upon same.

9. The "A" Company shall provide for the movement
of the freight cars of the "B" Company over its tracks

as nearly as may be practicable in accordance with the request of the

"B" Company, and shall exercise in the handling of such

cars the same degree of care that it exercises in the handling of its

own cars.

10. In case the "B" Company shall by reason of

strike, riot, insurrections, civil or military authority, fire, explosion,

Act of God or any other unavoidable casualty be deprived of the use

of said facilities or any part thereof, a reduction of said rental shall

be made to it for the time during which said deprivation shall continue,

proportionate to the amount of said deprivation.

11. All employees of the "A" Company in said

Freight Terminal hereinbefore provided for shall for the purpose of

this agreement, be considered to be sole employees, in the performance

of, or omission to perform, services, the benefit or other result of which

accrues to either party hereto, solely; and as joint employees, in the

performance of, or omission to perform, services, the benefit or other

result of which accrues to both parties hereto jointly.

Liability

12. Liability for all loss of or damage to property and injury to

or death of persons (all hereinafter collectively referred to as damage),

in any manner originating or occurring upon or in connection with the

operation of the property and facilities covered by this agreement, and

upon or in connection with any use made by the "B"
Company of tracks and facilities of the "A" Company as

access thereto, shall be governed by the following provisions.

Each party hereto shall be liable for all damage which shall be

caused in any manner by or in connection with its business or trafific,

when the business or trafific of the other party are in no wise involved.

Each party hereto shall be liable for all damage which shall be

caused solely:

(a) By defect in its sole property or property sepa-

rately used by it.

(b) By act or by the negligence of its separate

employees.

Otherwise, each party shall be liable for all damage to its separate

property, employees or traffic.

All other damages and costs and expenses in connection therewith,
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including those resulting from undetermined causes, shall be borne

equally by the parties hereto.

Each party shall adjust the claims of its own employees. No
settlement for which the other party is to be held wholly responsible,

and no settlement in excess of Five Hundred Dollars ($500.00) for

which the other party is to be held jointly responsible, shall be made
without its concurrence.

In event of any suit being brought against either party hereto, for

which the other party may be held liable, the party against whom such

suit is brought shall at once give the other party notice in writing there-

of in order that the other party may make such defence as it may deem
proper, and in such case the party that is liable as herein provided

shall pay all attorneys fees, costs and expenses incurred in defending

such suit, as well as damages that may be recovered therein.

Default

13. If the "B" Company shall make default in any

of the payments hereinbefore required of it to be made, or shall fail

to faithfully perform any of the covenants herein required by it to be

performed, then in such case, and if such default or failure shall con-

tinue for a period of (••••) days after the "A"

Company shall have given the "B". Company a written

notice thereof, the "A" Company may, by a

(....) days' notice in writing to the "B" Company, declare

this agreement terminated, and may at the termination of the said

(....) days in said notice mentioned, exclude the

"B" Company from the use and enjoyment of any and

all of the premises and privileges hereunder and the "B"

Company shall discontinue the use of all of said premises and priv-

ileges and shall have no claim or demand upon it by suit at law or

otherwise, on account of such exclusion, provided, that failure to make
any payment or perform any covenant which is the subject of arbitra-

tion or of litigation between the parties hereto, shall not, pending

arbitration or -litigation, be deemed a cause of forfeiture hereunder.

The "A" ...... Company may waive any such default or

failure, but no action of the ' "A" Company in waiving

such default or failure shall extend to, or be taken to affect any subse-

quent default or failure, or impair its rights.

Arbitration

14. In case any question arises under this agreement or concern-

ing the subject matter thereof, upon which the parties hereto cannot

agree, such question may be settled by a sole disinterested arbitrator,

to be selected jointly by the parties to this agreement.

The expense of arbitration shall be apportioned between the

parties hereto, or wholly borne by either party, as may be determined

by the arbitrator.
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Term

15. This agreement shall take effect on the day of

19.... and, unless earlier terminated as hereinbefore pre-

scribed, shall continue in force for the period of years from

said date and thereafter until terminated on a date specified by a

written notice given to either party by the other party at least

prior to such date of termination.

This agreement shall inure to the benefit of and be binding upon

the parties hereto, their successors and assigns, but no transfer or

assignment shall be made by the "B" Company without

the prior written consent of the "A" Company.

IN WITNESS WHEREOF, the parties hereto have executed

this agreement the day and year herein first above written.

The Company
Attest By Seal

A
Secretary President Company

The Company
Attest By Seal

B
Secretary President Company

Note.—In event the "A" Company shall permit any

other railway company or companies to use said Freight Terminal and
appurtenant facilities then the proportion of liability under Section 12

assumed by the "B" Company shall be determined by the

ratio of one to the total number of companies using Freight Terminal

and appurtenant facilities.

(2) FORM OF AGREEMENT FOR USE OF RAILWAY PROP-
ERTY FOR PUBLIC HIGHWAYS

The Sub-Committee has revised the tentative Form of Agreement
for Use of Railway Property for Public Highways subrhitted to the

Convention, and while, in consideration of the questions raised as to

the advisability of recommending the form for general use, it seems
that such a form has been used by some of the railroads and the

Committee submits it for information and discussion.

FORM OF AGREEMENT FOR USE OF RAILWAY PROP-
ERTY FOR PUBLIC HIGHWAYS

This Agreement, made this day of in the

year by and between

a corporation organized and existing under the laws of the
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of party of the first part, hereinafter called the Railway
Company, and the Commission, of the State of

party of the second part, hereinafter called the Commission.

WITNESSETH :

Whereas, the Railway Company possesses land or a right-of-way

upon which it maintains and operates its railway, and whereas the

Commission proposes to locate and construct a highway upon and

along the right-of-way of the railway, at or near Station

on said railway in the County of State of , which
is described as follows ^

in accordance with plan dated

signed by the of the Railway Company and
of the Commission hereto attached and hereby

made a part hereof.

Now Therefore, in consideration of the premises and the sum of

$1.00 paid by the said Commission to the said Railway Company, the

receipt of which is hereby acknowledged, and of the covenants and

agreements as hereinafter expressed the Railway Company hereby

grants an easement to the Commission upon and over that portion of

its right-of-way herein described for the purpose of constructing and

maintaining a public highway thereon, for a roadway for travel on

foot and by vehicles, but for no other purpose, and the Commission
covenants and agrees with the Railway Company as follows:

1. In the construction, reconstruction, improvement or mainte-

nance of said highway nothing shall be done or omitted to be done

by the Commission which in any way will interfere with, endanger
or impair the railway or the operation and maintenance thereof. The
Commission agrees to make such reasonable changes in said highway
or its construction upon the demand of the Railway Company through
its authorized representative as may be found necessary at any time

or from time to time to properly safeguard the railway, its structures

and appurtenances.

2. The Railway Company reserves the right to construct such

track or tracks as it may desire from time to time across said highway
and in such event the Commission agrees to pay the cost of taking

up and replacing or the construction of pavements, sidewalks, street

surfaces, planking, curbing, catch basins, manholes or other similar

work on account of the construction of such track or tracks; and
the Commission agrees to carry out at its own expense any and all

terms that may be lawfully imposed by the proper public authorities

or otherwise for the construction and operation of such track or tracks



Uniform General Contract Forms 465

in and across said highway, and to pay each and every tax, including

special franchise tax, and any similar tax in lieu of special tax imposed

against the same, and, when a flagman is required by any public

authority, to provide a flagman, who shall not be an employee of the

Railway Company, to give warning of the movement of engines, cars

or trains in or across said highway.

3. Should the Railway Company at any future time desire to

use all or any part of its right-of-way occupied by the highway or by

the slopes of cuts or fills necessary therefor, the Commission agrees,

within days after written demand upon it by the Railway Com-
pany to relocate and reconstruct said public highway and to restore

the premises of the Railway Company to the condition they were in

prior to the construction of said public highway and without cost to

the Railway Company in such manner that will not interfere with any
railway purpose for which the Railway Company may be required or

may elect to use the said right-of-way or any part thereof, in the

construction, maintenance or operation of additional tracks, or other

railroad facilities or in the change of grade or alinement, maintenance

or protection of said existing tracks and facilities.

4. The Commission agrees that no charge shall hereafter be made
by the Commission against the Railway Company for any proportion

of the cost of construction or maintenance of the said road upon the

Railway Company's right-of-way, it being understood and agreed that

in consideration of the grant hereby given, the Railway Company shall

be exempt from any and all costs.

5. The Commission agrees that it will not in any way, either

directly or indirectly, interfere with the safe passage of the Railway

Company's trains or other equipment, and to reimburse, indemnify

and save harmless the Railway Company on account of and against

any and all claims arising out of such interference; and also agrees

to reimburse and indemnify and save harmless the Railway Company
on account of and against any and all loss, damage, expense, injury or

liability at any time and of any nature whatsoever to which the Rail-

way Company may be put by reason of the construction, maintenance,

expense or use of said highway or by failure of the Commission to

perform any of the conditions or covenants herein contained.

6. In case the Commission shall fail to keep and perform any

of the covenants and obligations herein set forth, the Commission
agrees to remove said highway at its own expense from the Railway

Company's right-of-way or property within days after receipt

of written request from the Railway Company so to do, which request

may be made at any time at the Railway Company's discretion, after

said breach of covenant; and if the Commission shall fail to so remove

said highway or to make such change or changes therein, within

days the Railway Company may permanently close the por-

tion of the highway which the Commission so fails to change or

remove and may enter thereon to the exclusion of the Commission
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and of all persons whomsoever, and make such changes or removals

at the Commission's expense.

7. It is distinctly understood and agreed that the Railway Com-
pany hereby grants an easement only for the construction and main-

tenance of the said highway upon and along said right-of-way of the

Railway Company, as aforesaid; and that this grant shall not be con-

strued to vest in the Commission any other or greater interest, and in

no event is any warranty of the said right hereby given by the Railway

Company, nor shall any warranty be implied from the terms of this

agreement.

In Witness Whereof, the parties hereto have executed this agree-

ment the day and year first above written.

Attest The Company
Secretary By (Seal)

President

The
Attest By (Seal)

Secretary

Appendix C

W. H. Brameld, Chairman, Sub-Committee; F. H. Fechtig, A. A.

Miller, C. B. Niehaus, H. A. Palmer, E. L. Taylor.

The work assigned to this Sub-Committee was as follows:

(1) Form of Agreement for Furnishing Water from
Railway Water Systems to Employees and

Others.

(2) Form of Agreement for the Purchase of Water.

(1) FORM OF AGREEMENT FOR FURNISHING WATER
FROM RAILWAY WATER SYSTEMS TO EMPLOYEES

AND OTHERS
This form has been revised to meet the criticism offered at the

last Convention and as now drawn meets with the approval of the

Railways operating in the Southwest where the application of this

Form was considered to be of importance.

The Committee recommends it for adoption.

FORM OF AGREEMENT FOR FURNISHING WATER FROM
RAILWAY WATER SYSTEMS TO EMPLOYEES

AND OTHERS
This Agreement, made this day of , 19. . . ., by

and between , a corporation organized and exist-

ing under the laws of the of , hereinafter
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called the Railway Company, and , hereinafter

called the Consumer.

WITNESSETH :

That in consideration of the covenants and agreements herein con-

tained, it is mutually agreed as follows:

1. The Railway Company agrees to make tlie connection between
its water service lines and the pipe line of the Consumer at the point

shown on the plan hereto attached and marked

and hereby made a part hereof, and to provide a water meter upon
the connecting line of pipe serving the Consumer, and the Railway
Company hereby permits the Consumer, as a matter of accommoda-
tion, and not as a legal right, to take and appropriate temporarily such

1 J
gallons

surplus water, not to exceed , r ^ per day, from^ ' cubic feet ^ ''

the water system of the Railway Company as is available,- and can be

spared in the judgment of the proper officer of the Railway Company;
it being expressly understood and agreed that the Railway Company
is not engaged in the business of developing, supplying or distributing

water to the Consumer, the public or any one else for domestic, manu-
facturing or any other purpose.

2. The Railway Company agrees to maintain said connection and

meter.

3. The Consumer agrees to pay the Railway Company the cost

of said connection and meter and of their maintenance.

4. The Consumer agrees to pay to the Railway Company for

r •
, J . •

, r
1000 gallons

the water furnished by it at the rate of per mn i
• r »^ ^ 100 cubic feet.

5. Water furnished under this agreement shall be for the

sole use of the Consumer and water shall not be furnished to others

than the Consumer through the Consumer's service line without the

consent in writing of the of the Railway Com-
pany.

6. Bills for water furnished or other service performed by the

Railway Company as herein provided shall be rendered monthly and
shall be due and payable when rendered. In case of failure on the

part of the Consumer to pay when due, the monthly bills for service

performed or water furnished, the Railway Company shall have the

right to discontinue the furnishing of water and terminate this agree-

ment.

7. This agreement shall take effect *on , 19...., and

shall continue in force until terminated on a date specified by written

notice given to either party by the other party to this agreement at

least •,-.•... prior to such date of termination. aa ditvf
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8. Upon termination, the Consumer shall pay to the Railway-

Company all costs of disconnecting and removing the connection be-

tween the water facilities of the Railway Company and the service

line of the Consumer and all other expense incidental thereto.

9. This agreement shall not be assigned or in any manner trans-

ferred by the Consumer without the written consent of the

of the Railway Company.
10. The Consumer agrees to indemnify the Railway Company

and save it harmless from all claims and expenses that may arise or

be made for loss or damage resulting to the employees or property

of the Consumer or to any other persons or property, arising out of

the construction, maintenance or operation of the water facilities used

in furnishing water to said Consumer or the use of the water fur-

nished as herein provided, or from failure, in whole or in part, to

supply water from any cause whatsoever.

11. Until terminated as hereinabove provided, this agreement

shall inure to the benefit of and be binding upon the legal representa-

tives and successors of the parties respectively.

IN WITNESS WHEREOF the parties hereto have executed

this agreement the day and year first above written.

Witness Railway Company
By :

Witness
Consumer

(2) FORM OF AGREEMENT FOR THE PURCHASE OF
WATER

The Committee has submitted this Form of Agreement to Com-
mittee XIII and having received no criticism recommends it for

adoption.

FORM OF AGREEMENT FOR THE PURCHASE OF WATER
This Agreement, made this day of , 19....,

by and between , a corporation organized and
existing under the laws of the of , herein-

after called the Water Company, and ,

a corporation organized and existing under the laws of the

of , hereinafter called the Railway Company.
WITNESSETH :

That in consideration of the covenants and agreements herein

contained, it is mutually agreed as follows:

1. The Water Company agrees to supply the Railway Company
with all the water it may require for
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at

2. The Railway Company agrees to pay to the Water Company,
upon rendition of bills therefor, for all water consumed, at the rate

1000 gallons
of per jQQ ^^j^j^ ^^gj

determmed by the readmg of a

meter or meters to be installed and maintained by the Water Company.

3. The Water Company agrees to use its best efforts to furnish

an uninterrupted supply of water to the Railway Company, but it is

understood and agreed that the Water Company shall not be liable

for breaks in water pipe, failure of pumping apparatus or any other

causes beyond its control.

4. This agreement shall take effect as of the day of

, 19 .... , and shall continue for years and

thereafter until terminated by written notice given by either party to

the other at least prior to the date of termination.

IN WITNESS WHEREOF the parties hereto have executed this

agreement the day and year first above written.

Witness Water Company
By

Witness Railway Company
By

Appendix D

Clark Dillenbeck, Chairman, Sub-Committee; W. H. Brameld, B. Her-
man, F. L. Nicholson, Huntington Smith, John Worley.

The work assigned to this Committee was

(1) Form for Cost-Plus Contract.

(2) New Outline of Work.

(1) FORM FOR COST-PLUS CONTRACT

Your Sub-Committee has made a careful study of this subject,

and has prepared a tentative form covering all that the Committee

believes should be included in such a contract form.

The Committee, however, has not had sufficient time to get this

form in proper order and shape to submit a tentative form for publica-

tion and recommends that this subject be continued.

(2) NEW OUTLINE OF WORK
The Committee has given this matter study and can not suggest

any new items of work at this time.
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REPORT OF COMMITTEE XXI—ECONOMICS
OF RAILWAY OPERATION

James M. Farrin, Chairman; F. H. McGuigan, Jr., Vice-Chairman;
E. G. Allen, H. T. Porter,
B. T. Anderson, J. F. Pringle,
G. E. Boyd, L. S. Rose,
G. D. Brooke, Mott Sawyer,
J. M. Brown, R. T. Scholes,
S. B. Cooper, B. J. Schwendt,
H. C. Crowell, a. C. Shields,
W. J. Cunningham, V. I. Smart,
L. E. Dale, M. F. Steinberger,
G. F. Hand, J. E. Teal,
Albert Hansen, F. L. Thompson,
E. T. HowsoN, Barton Wheelwright,
E. E. Kimball, J. L. White,
M. F. Mannion, C. L. Whiting,
H. A. Osgood, C. C. Williams,
L. E. Little, Louis Yager,

Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects

:

(1) Revision of Manual. (No revisions are recommended.)

(2) Continue the study of methods of increasing the traffic capacity

of a railway, co-operating with appropriate committees of the Signal

Section and the American Association of Railway Superintendents. (Ap-

pendix A.)

(3) Continue the study of methods of analyzing costs for the solution

of special problems, including a study of the costs of starting and stopping

trains. (Appendix B.)

(4) Continue the study of methods of operation by which the intensive

use of facilities may be secured. (Appendix C.)

(5) Continue study on development of suitable units for comparing

costs of operation and equipment maintenance. (Appendix D.)

(6) Study the problem of determining what volume and service condi-

tions in any given yard will justify a change, from flat switching opera-

tions to the hump method, collaborating with Committee XIV—Yards and

Terminals. (Appendix E.)

(7) Study the problem of branch line operation as affected by the

introduction of motor trucks and bus lines. (Appendix F.)

Action Recommended

1. No revisions of the Manual are recommended.

2. That the progress report of the Sub-Committee (Appendix A) be

received as information.

Bulletin 293, January, 1927.
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3. That the report of the Sub-Committee (Appendix B) be adopted

as a recommended method, printed in the Manual, and that study of costs

of starting- and stopping trains be discontinued.

4. That the progress report of the Sub-Committee (Appendix C) be

received as information.

5. That the progress report of the Sub-Committee (Appendix D) be

received as information.

6. That the progress report of the Sub-Committee (Appendix E) be

received as information.

7. That the progress report of the Sub-Committee (Appendix F) be

received as information.

Recommendations for Future Work

1. Revision of the Manual.

2. Methods of increasing the traffic capacity of a railway involving

capital expenditure.

3. Methods of operation by which intensive use of facilities may be

secured without capital expenditure.

4. Methods of analyzing costs for solution of special problems, includ-

ing- track maintenance costs and most economical track makeup to carry

various traffic densities.

5. Develop suitable units for comparing costs of operation and equip-

ment maintenance.

6. Determine what volume of business and service conditions in any

given yard will justify a change from flat switching to the hump method.

7. Study the problem of railway operation as affected by introduction

of motor trucks and bus lines.

8. Outline of work for ensuing year.

Respectfully submitted,

The Committee on Economics of Railway Operation,

James M. Farrin, Chairman.
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Appendix A

(2) METHOD OF INCREASING THE TRAFFIC CAPACITY
OF A RAILWAY

M. F. Mannion, Oiairman, Sub-Committee; B. J. Schwendt, G. E. Boyd,

L. S. Rose, E. E. Kimball, J. F. Pringle, Albert Hansen, F. L. Thomp-

son, C. L. Whiting, F. H. McGuigan, Jr., B. T. Anderson.

The Committee has continued its policy of making studies of specific

improvements, to determine benefits derived. The past year's work involved

study of two double-track installations, data for which is not in shape for

presentation. The Committee therefore reports progress and recommends

subject be continued for next year.

Appendix B

(3) METHODS OF ANALYZING COSTS FOR THE SOLU-
TION OF SPECIAL PROBLEMS, INCLUDING THE
STUDY OF THE COSTS OF STARTING AND STOPPING
TRAINS

J. E. Teal, Chairman, Sub-Committee; M. F. Steinberger, B. Wheelwright,

J. M. Farrin, H. T. Porter, J. M.. Brown, Louis Yager, C. C. Williams,

S. B. Cooper, W. J. Cunningham, H. A. Osgood, V. I. Smart.

The Sub-Committee continued in its efforts to develop a method of

determining the cost of stopping and starting trains and presents the results

that have been deducted from an analysis of the expense items incident to

train service tliat might properly be considered. These accounts and the

basic factors by which they are related to the problem are:

392—Wages train enginemen Overtime Rate
401—Wages trainmen Overtime Rate
394—Fuel for train locomotives Amount Used
397—Water for train locomotives Amount Used
398—Lubricants for train locomotives Amount Used
399—Other supplies for train locomotives Amount Used
402—Train supplies and expenses Amount Used
308—Steam locomotives—repairs Cost of Ownership
309—Steam locomotives—depreciation Cost of Ownership
310—Steam locomotives—retirements Cost of Ownership
314—Freight-train cars—repairs Cost of Owncrs'^n
315—Freight-train cars—depreciation Cost of Ownership
316—Freight-train cars—retirements Cost of Ownership

As noted above the cost of wages, locomotive and car repairs, depre-

ciation and retirements, are based on the time lost to productive service

while the remaining expense items are considered on the basis of additional

amount used on account of train stop as compared with a non-stop train.

The study was confined to through freight train operation, it not

being practical to include passenger train operation.
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Aside from the time element involved which affects wages (where on

overtime rate) and equipment costs, the principal items of expense are fuel

and water. To determine this a study was made of a large number of

dynamometer records which were obtained on the Chesapeake & Ohio

Railway during the summer and fall of 1925. These tests were made in

through freight service with full tonnage trains, using Mikado' locomotive

of 67,700 lb. tractive effort and on grades ranging from to 1.25 per cent.

The other items of expense that are determined on the basis of the

"amount used," including' "lubricants and other supplies for locomotives"

and "train supplies and expenses," have been obtained by applying the ratio

of that portion of these accounts that would be affected by a train stop to

the cost oi fuel and water. This method is outlined in more detail in the

text of the report.

Credit is due R. M. Shelton, office of the Mechanical Engineer of the

Chesapeake & Ohio Railway, who had charge of computing the results

obtained from these dynamometer tests and who was instrumental in develop-

ing the formulas outlined in Section B (Fuel for Train Locomotives

—

Account 394) of this report.

It may be contended that it is impossible to develop a formula for deter-

mining the cost of a train stop that can be generally applied; that such a

formula would not be applicable on two different railroads, or two differ-

ent divisions, or twO' different trains, and, in most instances, two different

stops of the same train.

This is generally true. However, in the following study, the Sub-

Committee has endeavored tO' develop a method by which such formulas

that have been developed can be readily adapted tO' the different conditions

outlined.

Train stops may be generally classified under three groups, each of

which would be affected by the varying conditions under which they might

be made. They are:

(1) Anticipated schedule stop.

(2) Anticipated stop not scheduled.

(3) Emergency stop.

The scheduled stop, in most instances, does not involve serious loss

in hire of freight cars, whereas the anticipated unscheduled stop may, on

the other hand, involve serious loss in this item, together with interference

with the schedule and demoralizing effect upon other trains. An emergency

stop may produce a noticeable damage tO' the rails, locomotive tires, increased

brakeshoe wear, etc.; in addition, it might result in the shifting of lading in

some of the cars, causing damage to equipment and contents.

It is not practicable to outline rules for determining all costs that

pyramid by reason of the unscheduled and emergency stops. Such costs

can only be surmised and left to be considered as local conditions may
warrant.

Therefore, this study has been confined to individual train stops that

may come under any of the three classifications noted above.

The Committee feels that it will not be able to obtain further authentic

information as to a method of determining the cost of starting and stopping

freight trains during the succeeding year and recommends that the subject

be dropped.
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(A) WAGES OF TRAIN EXGINEAIEN—ACCOUNT 392

WAGES OF TRAINMEN—ACCOUNT 401

1. Wages of train and engine crews will not be aflfected on account of

train stops except when they are paid tlie overtime rate. This is computed

by multiplying the time lost in minutes, which includes the time lost in decel-

erating and accelerating and the time at stop, by the overtime rate per minute

as shown in column 3 in the following table

:

2.

In Through Freight Serince
Weight of Locomotive

on Drivers

Under 80,000 lb.

80,000 to 100,000 lb.

100,000 to 140,000 lb.

140,000 to 170,000 lb.

170,000 to 200,000 lb.

200,000 to 250,000 lb.

250,000 to 300,000 lb.

3. For example in paragraph B-23, the wage cost would be $.0918

per minute for Mikado operation.

Time lost in accelerating and decelerating (see par. B-25) . . . . 4.1 mins.

Time lost at stop (see par. B-23 and B-26) 10.0 mins.

Engineman—Fireman
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variables affecting the coal consumption and not readily observed would most

likely have shown a loss of one train over the other had no stop been made.

3. The amount of coal lost in making any stop is dependent, as ex-

plained later in detail, on the following

:

(a) The pounds of coal required to restore in the train that amount of

kinetic energy that is equivalent to the total energy destroyed by the brakes

in stopping.

(b) The diflference in the pounds of coal required by the stop and non-

stop trains to do the necessary amount of work done by the non-stop train

between the point at which stop train starts to decelerate and that at which

it regains the speed of the non-stop train.

(c) The pounds of coal consumed by the stop-train while standing at the

stop.

(d) Coal equivalent to the extra steam used by the stop-train in brake

application, in all other auxiliaries, and that lost through the safety valves.

(e) For some stops, in addition tO' the above, there is a consider-

able loss in coal due to the slipping of the drivers in starting and a

decrease in furnace efficiency caused by the stop. These losses, along

with others that do not occur regularly with every stop and do not vary

in amount with any fixed ratio to that data usually available for deter-

mining the stop loss, must be considered as special losses to be estimated as

near as possible and added to the computed loss oif the stop in which they

occur.

4. Both the stop and non-stop trains, at the time the stop train starts

to decelerate, possess the same amount of kinetic energy. That portion of

this energy not destroyed by the brakes is used toi do' the work of moving

the train through a certain distance against the total train resistance. The

number of feet that the portion of energy not destroyed will move the

train depends upon the total pounds of resistance of the train. As the

loss considered is that due to the stop only, the total resistances of the

two trains should be considered tO' be the same; therefore, for the non-stop

train to continue at its speed requires additional power. The stop train

would also req,uire additional power equal to^ the stored energy destroyed

by the brakes to move the train an equivalent distance moved by the non-

stop train. To supply this additional power through the locomotive cylin-

ders requires additional coal. Should sufficient energy be supplied by a

down-grade to continue the movement of the train at non-stop train's speed

it would then be necessary, in order to stop a train on this grade, that at

least a portion of the grade energy due to^ gravity be destroyed by the

brakes. All energy supplied either train, within the decelerating distance

of the stop train, in excess of that required to accelerate and maintain the

train at the maximum permissible speed would necessarily have to be

destroyed. Therefore, the destruction of this excess energy cannot be

charged as a loss due to the stop. Then, where the per cent of decline

approaching the stop is great enough to^ supply such excess energy, that

grade energy destroyed by the stop train's brakes chargeable as stop loss

is to be determined by substituting for the actual grade the maximum
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per cent grade that will not supply any excess energy as described. Ascend-

ing grade and curve resistances form a part of the total train resistance

and the same number of foot-pounds of work is accomplished by the train's

kinetic energy on ascending grades as on level track.

5. The total energy destroyed by the brakes, as referred to in para-

graph 3 (a) is the total of that energy mentioned in paragraph 4 as being

energy destroyed on the stop train only. Since the destruction of energy

starts with the initial application of the brakes, it is necessary, in deter-

mining the energy destroyed, to consider only the speed at which brakes

are applied on the stop train, the distance traveled by the stop train from

this point to the stop, and the available grade energy and average train

resistance over this distance. Then the foot-pounds of energy destroyed

in the stop train is the difference in foot-pounds between the kinetic energy

stored in the train at this speed, plus the grade energy (due to gravity as

explained in paragraph 4) available over this distance, and the actual work

done on the stop train by stored or grade energy after brakes are applied.

The total coal used to generate energy in a train is the total fired and the

total energy generated by this total coal is the sum of that used tO' propel

the locomotive, to haul the train back of the locomotive, and to supply

all auxiliaries. For two locomotives of the same overall efficiency using

the same grade of coal, the total pounds of coal required to be fired for

generating at the rear of the tender any fixed number of foot-pounds of

energy is the same for both locomotives. From this the pounds of coal

required to generate tlie energy applied at the rear of the locomotive for

any two locomotives is in proportion to their overall efficiencies. This over-

all efficiency is dependent on the boiler, cylinder and machine efficiencies,

weight of the locomotive, road profile and speed of the train, with these in

turn dependent upon other variables. If then the average overall efficiency

of the locomotive is considered and the formulas in this analysis are based

solely upon the energy generated or destroyed . in the train back of the

locomotive and the coal required to produce this energy, the complication and

possibility of error in assigning values to the variables necessary to be

considered in dealing with the weights and detail efficiencies of each indi-

vidual locomotive may be eliminated. Hence, in this analysis all reference

to energy destroyed or restored in the train applies only to that destroyed

or restored in the train back of the locomotive. The total foot-pounds of

this energy destroyed in the train by the brakes when stopping is determined

by formula (1), paragraph 10.

6. To restore in the stop train kinetic energy equivalent in amount to

the total energy destroyed as indicated in paragraph 3 (a), it is necessary

to accelerate the train to the speed given by formula (2), paragraph 10.

The pounds of coal thus required to restore in train the destroyed energy

is given by formula (3), paragraph 10.

7. An equal amount of work is done by the stop as by the non-stop

train in overcoming the total train resistance through the distance included

between the point at which stop train starts to decelerate and that at which
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it regains the speed oip non-stop train. This is true since the distance traveled

is the same and the average pounds of train resistance is the same, except

in very cold weather when the train stands any length of time at the

stop the resistance of stop train will be increased at the start (the extra

coal lost due to the cold weather increase in resistance can be best taken

care of by increasing the coal lost per minute standing). Since the work

done in overcoming the train resistance is the same for both trains the

only extra work performed by the stop train is that of acceleration and

the only extra energy supplied by the locomotive cylinders of the stop train

is that necessary to restore in the train the energy destroyed by the brakes.

Although the remaining energy generated by both locomotives is the same

the difiference in pounds of coal required by the stop and the non-stop

locomotive to generate this energy varies with the average speed of the

two locomotives while generating this energy. This is the difference referred

to in paragraph 3 (b), the amount in pounds of coal being determined by

formula (5), paragraph 11. As the most economical speeds at which

energy is generated are those between twenty and thirty miles per hour,

this difference, where the non-stop train speed is over thirty miles per

hour, will be in favor of the stop train. In stops made where the non-stop

train is operated at a high rate of speed and the work destroyed in the

stop train is small, with only a few minutes lost standing, the stop train

will show a gain rather than a loss in coal as,compared with the non-stop

train. On steep down-grades stops may be made where there is prac-

tically no energy generated by the locomotive of the stop train and none

by the non-stop train over the decelerating and accelerating distance, and

at the same time the total energy destroyed by the non-stop train may be

in excess of that destroyed by the stop train.

8. The stop losses referred to^ in paragraph 3 (d) being small in per

cent of the total loss and variable in amount, may be included with that

referred to in paragraph. 3 (c) and the total pounds of coal thus lost

determined by formula (6), paragraph 12.

9. The formulas as given below are necessarily complicated due to

the many variables that enter intO' the determination of the pounds of coal

lost in stO'pping and starting freight trains. Therefore, charts and tables

have been prepared from the formulas, designated E-1 to E-13, from which

the pounds of coal lost per thousand gross tons of trainload may be easily

determined.

10. That part of the loss mentioned in paragraph 3 (a) and referred

to in detail in paragraphs 4, 5 and 6 is determined by the following formulas

(1), (2) and (3).

Foot-pounds of energy destroyed by brakes =
IV= T (70V' + 20 KDV— DRV) ^TV'[70^D (20K— R)] ..(1)

Speed to which train must be accelerated to restore destroyed energy =
W V

S"- = = [70 + D (20K— R)] (2)
70r JO

S= A2V V70-^D (20K— R)
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Pounds of coal required to generate sufficient energy to accelerate train'

to "S" speed =
W p"y TV p"y

A=- • =— — [70 + Z? (20K— R)] (3)
1000000 1000000

11. The foot-pounds of work done by both trains in overcoming the

train resistance over the declerating and accelerating distance of stop train,

as mentioned in paragraph 3 (b) and described in detail in paragraph 7, is

equal to the value of — zv— as given by formula (4.). The difference in

pounds of coal required by the stop and non-stop trains to do this work is

equal to — B-—as given by formula (5).

f 20G '] W
w=T [l.\6 R iM' \

1± [ -f (70iir )] (4)

I R J T
r 20(7 ]

L R '

Tx f 20G 1
B =—^— [i.mRApp" \ \±— [

-^7Qp"' (ir-— s"-)] ...(5)
1000000 L R J

12. The pounds of coal lost due to causes mentioned in paragraph 3 (c)

and (d), and explained in paragraph 8, is given in formula (6) and is

equal to

—

C= xt (6)

13. The total pounds of coal lost

—

P—in stopping and starting freight

trains is then equal to the sum of the values A -\- B -{- C in formulas (3).

(5) and (6) as combined in formula (7).

Tv
P= [V'(p'— p"')(70-^20DK— DR)+AP[70p"' + 1.16

1000000

RMp" ± 23.2 M G p") ] + xt (7)

14. In formula (7) the term 20DK covers the approaching down-grade

effect on the coal lost and on level track or up-grade it is to be omitted.

The term 23.2 MGp" gives the departing grade effect on coal lost and

where the acceleration of stop train is over level track this term becomes

zero. The formula for level track is then

P' = [V ip' — p"') {70— DR) -\-AP [70p- + \.\6RMp")]
1000000

-\-xt (8)

The pounds of coal required to furnish at the drawbar 1,000,000 foot-

pounds of energy and the difference in the pounds of coal required to fur-

nish at the drawbar 1,000,000 foot-pounds of energy at different speeds is

represented by the following equations

:

p' =1.50-f .00011(25— .y)'

p" 3^.00011 [(25— »i)'— (25— M)']

p"' = .0O0n\ [25
[
_(25 — M)']

In these equations all cubical values are to be made positive,

all other signs remaining unchanged.
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15. The values of the symbols used in the formulas are as follows

:

A = Pounds of coal required to generate sufficient energy to accelerate

trains to "S" speed.

B = The difiference in pounds of coal required by a stop train as com-
pared with a non-stop train in generating the same amount of

energy at their respective speeds.

5.^u.= British Thermal (heat) Units.

C = the pounds of coal lost by the stop train while standing at the stop,

including that required to replace energy lost by radiation, operat-

ing air pumps for maintaining air brake pressure and through the

safety valves..

D = Constant, which when multiplied by V^ gives the distance traveled

by the train after the initial brake application. Its value for

different grades and train consist is given in Table 1.

G = The per cent of average grade over the accelerating distance of

stop train, and where substituted in formulas the down grade is

to be given the negative value and up grade the positive value.

All negative values of (G) greater than the maximum given by
placing

70(ilf=orF=) + IA6RM'
G =

23.2 M'
are to be made equal to the value thus given, as all energy sup-*

plied by grades in excess of this would only serve tO' accelerate

the train more rapidly or be destroyed by the brakes and have no
real effect on the coal lost.

K = The maximum per cent of down grade, over the decelerating

distance of stop train, that will not supply excess energy as

explained in paragraph 4; or is equal to the actual average per

cent down-grade traversed by the stop train between V and zero

speeds whenever this average does not exceed the maximum per

cent grade as given by the following formula

:

R ' r M'— V -]

K = -f- 3.5 i [ (in which all negative values of

20 L DV J

3.5 \ I are made equal tO' zero).

I Dr J

M = The speed in M.P.H. of the non-stop train taken equal to the per-

missible operating speed or the average speed maintained over that

part of' the road by trains similar to the stop train.

M.P.H.= Miles per hour.

P = Total pounds of coal lost in stopping and starting freight trains

on ajiiy grade.

P' = Total pounds of coal lost in stopping and starting freight trains

on level grade.

R = Pounds of car resistance per ton of train back of the locomotive

and tender equal to 3.82 for trains consisting of cars averaging 50

tons or over and equal to 6.0 where cars average under 50 tons in

weight. (Although these values for car resistance taken from actual

test may not conform with those used by some roads they give the

most accurate results when used in connection with values assigned

other variables in these formulas and should not be changed with-

out first considering its effect on these other values.)

S = Speed to which train must be accelerated to restore destroyed

energy.

T = Total weight in tons of the step train (back of the locomotive

and tender).
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V = The speed in miles per hour at which the initial brake application

is made on stop train.

IV = Total foot-pounds of energy destroyed by the brakes of the stop

train.

Z = Reference symbol, connecting charts E-1 to E-12 with Tables

E-1 to E-12;
a = Square feet of grate area of locomotive.

g = Average actual decelerating down grade.

MI = Average speed of train in accelerating to M speed. Values for

(in) are given in Table 2.

p' =^ Pounds of coal required to furnish 1,000,000 foot-pounds of
energy at the drawbar at (s) speed.

/>" = The difference in pounds of coal required to furnish 1,000,000

foot-pounds of energy at the drawbar at speeds of m and M.
p"'=iThe difference in poimds of coal required for furnishing 1,000,000

M + S
foot-pounds of energy at the drawbar at the speeds and M.

2

s =: Average speed of train in accelerating to 5" speed. Values for (s)

are given in Table 2.

t = Minutes train stands at stop.

zu = The foot-pound of work done by the stop train and non-stop
train in overcoming the train resistance over the decelerating and
accelerating distance of stop trains.

X =: Constant. The value of this constant has been determined tO' be
.10 per square foot of locomotive grate area for all atmospheric
temperatiu'es of 40 degrees Fahrenheit or over, and .115 per
square foot of grate area for all atmospheric temperatures under
40 degrees Fahrenheit,

y = Constant used to take care of any decreases or increases in overall

efficiency of the locomotive due to grade or of a saturated locomo-
tive as compared with the superheated locomotive upon which the
formulas are based. To take care of grade effect on efficiency of
superheated locomotives 3; ^ 1 ± .20G and of saturated locomotives
3'= 1.23 d ± .20G). As in these formulas the pounds of coal

required to produce energy is based on the use of coal having
approximately 14000 B.t.u., for other grades of coal an allow-

14000
ance is to be made by making 3) = 1.23 (1 ± .20G)

B.t.u. in coal used.

14000
(saturated) or v = (1 ± .20G) (superheated).

B.t.u. in coal used
16.

Table 1

Average per cent Values of (D)
grade traversed by Average weight of cars in train

train in stopping after 50 tons and over
initial brake applica- Brake application

tion. Sennce Emergency
+ to— .25 3.000 .270

— .25 to— .50 3.515 .316
— .50 to— .75 4.030 .363

— .75 to— 1.00 4.500 .405

— 1.00 to— 1.25 4.995 .450

— 1.25 to— 1.50 6.490 .584

Note.—+ =: up-grade and — = down-grade. All curvature to be used as

equivalent up grade, each degree of curvature being equal to .04 per

cent grade.

A

Under
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Table 2

M or S speeds in M.P.H. (m) speed in M.P.H. (s) speed in M.P.H.
Oto 5 .63M .635"

5 to 10 .65M .65S
10 to 15 .72M .72S
15 to 30 .73M .73S
30 to 50 .75M .755*,

17. Most of the values given the variables were derived from dyna-

mometer car test of MikadO' engines, with freight train loads varying from

130O to 7000 tons (both empty and loaded car trains) and over grades

ranging in per cent from to plus and minus 1.25. From, more extensive

and varied test it may be found that some of the values assigned should be

modified in order tO' cover all classes of trains, engines, and operating condi-

tions. Although these formulas have been worked up for freight trains

only, with engine normally loaded, they should, with proper values assigned

the variables, give as accurate results in determining this loss on passenger

trains, or with trains less than normal weight.

18. In this analysis some of the minor coal losses have been omitted, as

the usual data upon which an estimate of the coal lost in stopping is based

would be insufficient to determine these losses. It is reasonable toi believe

that these minor losses would in part if not entirely be offset by the dif-

ference in coal consumed through other operating conditions of the stop and

non-stop trains (such as that used to generate power for brake applica-

tion on non-stop train) not considered in this analysis.

19. That the coal loss may be readily determined, charts and tables

E-1 to E-12, giving the loss per thousand tons of train load derived from

the application of formula (7) to various profile and speed conditions have

been prepared and attached hereto. In preparing these charts and tables

the locomotive has been assumed to be superheated and fired with coal of

14000 B.t.u. The coal lost standing at the stop has not been included in

the charts and tables and, therefore, to obtain the total loss this must be

added to that given by the tables. The coal lost standing is determined as

indicated in paragraph 12.

20. The charts and accompanying tables E-1 to E-13, inclusive, cover

only stops made with service application of the brakes. For a stop made
with the emergency application of the brakes, the average decelerating

grade (g) is to be taken equal to .191 for heavy cars, with .30 for light

cars, and the loss otherwise found the same as for service application on

these grades.

21. On the charts, (g) is the actual average per cent down-grade be-

tween the point of initial brake application and that of zero speed, all

up-grades being taken as zero grades. The per cent of down-grades to be con-

sidered as referred to in paragraph 4, has been taken care of on the charts,

the grade line extending along the curve line (as illustrated by the arrows)

from A to the intersection of this line with the horizontal line E-F, then

along line E-F to its intersection with F-L, thence along- line F-L.

22. To determine the total coal lost in stopping and starting a freight

train under the condition given in paragraph 19

:
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On the chart made up for the operating, or non-stop train speed, and

cars of the weight to be considered, determine the value of (Z) correspond-

ing horizontally to the intersection of the Grade Line with the vertical

braking speed line. Having thus obtained the value of (Z) from the

chart the total pounds of coal lost per thousand tons of train load, excluding

that standing, will be found from the table of the same number as the

chart on the horizontal line, corresponding to this value of (Z) and in the

vertical column for the average per cent of grade over the accelerating

distance. The computed standing loss as described in paragraph 19 added to

the multiple of the figure obtained from the table by *he train load in

thousand tons, gives the total pounds of coal lost in stopping and starting

the train. To make the table applicable for a saturated locomotive, the

figures must be multiplied by 1.23 and for coal of a different heating value

the figures given in table are tO' l:)e multiplied by 14,000 divided by the

B.t.u. value of coal used.

23. Example: A train consisting of 70 freight cars, totaling 5000

gross tons, stopped on a .50 per cent down grade by service application

of the brakes, at 20 miles per hour, stands 10 minutes at the stop. The

a'.mospheric temperature is 60 dcg. Fahr. The locomotive is superheated

and has a grate area of 80 sq. ft. The coal value is 12,000 B.t.u. On leav-

ing the stop and accelerating to the speed of 25 M.P.H. (or speed of the

non-stop train) the train ascends an average grade of .25 per cent. Required,

the pounds of coal lost in making the stop.

5000-^70 = 71.4, average weight of car. Chart E-5 for cars over 50

tons with operating speed of 25 M.P.H. gives the value of (Z), horizontal

to the intersection of the .50 per cent Grade Line with the braking speed

line of 20 M.P.H., to be 60. In table E-5 on the horizontal line for Z = 60

and in the .25 per cent positive grade vertical column the coal loss is 66.2

per thousand tons. With coal value of 12,000 B.t.u. this will be

1.17X66.2 = 77.45. For 5000 tons the loss is 5X77.45= 387.25 lb.

The standing loss= 80 X .10 X 10= 80 lb. Adding this to the other loss

the total coal lost in stopping and starting the train = 387 + 80= 467 lb.

Had saturated steam been used in the locomotive the result would have been

(387.25 X 1.23) +80 = 556 pounds of coal lost.

24. There is a large variation on different roads in the cost of coal

and cost of handling it, for which reason the value given below would

not be typical. To complete the problem in paragraph 23, however, a

value of $3.00 per (on will show the cost of fuel lost for the train stop is

467
3.00 X = $0.70

2000

25. Relative to the time lost in decelerating and accelerating, after a

careful research it has Ix-en foimd that it is affected by innumerable vari-

ables^ which prevent the establishment of a formula that will give even an

approximately accurate deternn'nation of it. Some of the main reasons for

this is first that a locomotive loaded for a heavy ruling grade will accelerate

more rapidly from a stop made on a level portion of the division than a

train loaded for an entirely level track division; second, the orders under
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which a train leaves a stop ; third, the engineer at the throttle and the manner

in which he accelerates his train, and fourth, the type of locomotive. These

variables together with weather, track, condition of the locomotive and road

profile, none dependent one upon the other, make it impossible to establish

a formula for determining the time lost. The bearing that the speed of

non-stop train has on time lost is diminished by the fact that the stop

train is usually loaded in accordance with speed of non-stop train.

From various stops made with high speed Mikado engines it was found

that the average time lost in decelerating and accelerating combined was as

follows

:

Trains consisting of empty cars on level track 4.0 minutes

Trains consisting of loaded cars on level track 4.1 minutes

This time increased on up grade and decreased on down grade at the

rate of 12 seconds per one per cent of grade.

Other types of locomotives would most likely give a different average

time lost.

2(i. In addition to the time lost in decelerating and accelerating a period

of 2 toi 5 minutes will always be lost on account of time required to release

the air, depending on the number of cars in a train. Good practice in this

connection, which will eliminate brake-sticking, break-in-twos, etc., requires

the enginemen to consume the amount of time in releasing their air, as

follows

:

25 car train, 2 minutes.

50 car train, 3 minutes.
75 car train, 4 minutes.
100 car train, 5 minutes.

Adding 4 minutes for decelerating and accelerating a minimum oi from

6 to 9 minutes will always be lost by the stop, depending on the length of

train.

(C) WATER FOR TRAIN LOCOMOTIVES—ACCOUNT 397

1. Water for train locomotives will be increased with the number of

train stops in the same proportion as the fuel is increased. Approximately

one gallon of water is discharged at the water station for each pound

of coal fired in the locomotive boiler. The amount and cost of water lost

on account of train stop may be computed after determining the number of

pounds of coal lost by the method described in section B and multiplying by

the average cost of water for the engine district. For this study the cost of

water is estimated at 10 cents per 1000 gallons.

2. For example : m paragraph B-23, the cost of water will be

467
$ .10 X — $.0467.

1000

(D) LUBRICANTS FOR TRAIN LOCOMOTIVES—ACCOUNT 398

1. The expense chargeable to lubricants for train locomotives will

increase with the number of train stops in approximately the same propor-

tion as the number of train hours between terminals will be increased on
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account of the train stop. The amount may be estimated by multiplying the

time lost due to the stop by the cost of lubricants for train locomotives per

train hour for the class of service involved. For this study the cost of

lubricants for train locomotives is estimated to be $.105 per train hour.

2. For example: in paragraph B-23, the cost of lubricants will be

14.1

X $.105= $.0247

60

(E) OTHER SUPPLIES FOR TRAIN LOCOMOTIVES-
ACCOUNT 399

1. The expense chargeable to other supplies for train locomotives will

increase with the number of train stops as approximately 30 per cent of the

items making up this account, including ice, oil for headlight, signal lamps

and torches, sand and torpedoes will be more or less affected, depending

upon the atmospheric temperature, the time of day or night the train stop

is made, and other operating conditions. For the purpose of this study

it will be assumed that the number of train stops will be proportional to

the number of train hours between terminals, and therefore the cost charge-

able to this account will also be proportional to the increased number of

train hours between terminals caused by train stop. For this study the

amount will be estimated by multiplying the time lost account of stop by 30

per cent of the cost chargeable to Account 399 per train hour for the cost

of train service involved. The cost per train hour is estimated to be $.075.

2. For example : in paragraph B-23 the cost of other supplies for train

14.1

locomotives will be .30 X X $.075= $.0053.

60

(F) TRAIN SUPPLIES AND EXPENSES—ACCOUNT 402

1. The amount chargeable to train supplies and expenses will not be

affected by the number of train stops made between terminals.

(G) LOCOMOTIVE REPAIRS—ACCOUNT 308; LOCOMOTIVE
DEPRECIATION—ACCOUNT 309; LOCOMOTIVE RETIRE-
MENTS—ACCOUNT 310

(Including Interest on Investment)

1. It has not been practical to develop a method of determining the

cost chargeable to locomotive repairs, depreciation and retirements by the

instrumentality of dynamometer or other tests. However, the value of a

locomotive is equivalent to the cost of ownership or the rental cost in case it

is necessary for the operating company to hire a locomotive to perform

any given service.

For this study the cost of ownership has been determined, based on

—

Repairs, Interest, Depreciation and Retirements

The cost of ownership may be computed by dividing the sum of the

interest on the depreciated value of serviceable locomotives at 5^ per cent
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per annum and the total of accounts 308, 309 and 310 for a representative

period by the number of serviceable locomotives. This result may be

reduced to a unit showing the cost of ownership per pound tractive effort

per locomotive. In the event there is a surplus of power then the total

co'St of ovraership should be multiplied by the ratio of the cost of repairs

to the total, thus eliminating the cost of interest, depreciation and retirements.

2. The following table has been prepared for ready reference and shows

the average cost of ownership based on .75 mills per pound tractive effort

of different classes of locomotives of 20,000 to 100,000 pounds tractive

effort

:

Tractive Cost of Ownership
Effort Per Day Per Minute

20,000 $15.00 $.01042

30,000 22.50 .01562

40,000... 30.00 .02083^

50,000 37.50 .02604

60,000 45.00 .03125

70,000 52.50 .03646

80,000 60.00 .04167

90,000 67.50 .04687

100,000 75.00 .05208

These values will vary for different railroads and should, therefore, be

compiuted for each road before application of the formula.

3. For example : in paragraph B-23 the cost of locomotive repairs,

depreciation and retirements will be

:

Mikado' locomotive tractive effort 67,700 lb.

67,700
Cost per minute X -03646= $.03526

70,000

Time lost by stop 14 minutes (see paragraph B-23 and B-25)
14.1 X.03526= $.4972.

(H) FREIGHT TRAIN CARS — REPAIRS —ACCOUNT 314;

FREIGHT TRAIN CARS—DEPRECIATION—ACCOUNT 315;

FREIGHT TRAIN CARS—RETIREMENTS—ACCOUNT 316

(Including Interest on Investment)

1. The cost of freight train car repairs, depreciation and retirements

account of train stop is determined by value of car day based on either the

cost of ownership or the cost of car hire in the same manner as locomotive

repairs, depreciation and retirement outlined in Section "G." For the pur-

pose of this study the value of $1.00 per car day is used. In the event that

there is a surplus of cars then the total cost of ownership should be

multiplied by the ratio of the cost of repairs to total thus eliminating the

cost of interest, depreciation and retirements.

To compute the cost per train stop, add the time lost in decelerating and

accelerating as determined in paragraph B-25 to the time at stop and mul-

tiply this sum by the number of cars per train and divide by 1440 (minutes

per day) the result will represent the cost of equipment rental in dollars.
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2. This computation may l)c indicated by the following eciuation

—

(Tda+Tas)Nct
Cm = = in which

Dmh
Tda= Time lost in decelerating and accelerating ^ 4 mins. (See

paragraph B-25.)

Taj= Time at stop=: 10 mins. (See paragraph B-23.)

,Vf/= Number cars in train = 70. (See paragraph B-23.)

Dmh = Number minutes (1440) in 24 hours.

3. For example : in paragraph B-23 the cost of (ownership) for train

4.1 + 10
stop will be X 70= .6854 (days) = $.6854

1440

(I) SUMMARY
The following recapitulation shows the items that should be considered

in determining the cost of stopping and starting a 5000-ton freight train of

70 loaded cars, on overtime basis for a speed of 25 miles per hour on a

descending grade of .5 per cent and accelerating it to the same speed on an

ascending grade of .25 per cent

:

Cost

Wages for train and enginemen—see paragraph A-3 $1.2944

Fuel for train locomotive—see paragraph B-23 to B-24 7000

Water for train locomotive—see paragraph C-2 0467
Lubricants for train locomotive—see paragraph D-2 0247

Other supplies for train locomotives—see paragraph E-3 0053
Train supplies and expenses—see paragraph F-3.

Locomotive repairs, depreciation and retirements, including interest on
investment—see paragraph G-3 4972

Car repair, depreciation and retirements, including interest on invest-

ment—see paragraph II-3 6854

Total cost $3.2537
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TAl)l« - £-1

TOTA.Ii POUTOS 09 COAL LOST EER TEODSAifD TOHS OP THAIB
BxcLucma thb utandiho loss

70B
SU££Rfi£ATEI) LOCOMOTIVE WITH COAL Of 14000 B.T.U.

VALDS
Of Z -^
0-0
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Cool Lost in Stopping and Starting Freight Trains

Average Weight of Cars 50 "Tons and Over
Operating Speed 15 M.RH.

80

N

^40

30

CHART NO.E-I
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Table - K-2

TOTAL POUNDS OP COAL lOST PSR THOUSAHB TONS OP TRAIN
EXCLUDING THE STANDIHO LOSS

POR
SUPERHEATED LOCOMOTIVE WITH COAL OP 14000 B.T.U.

VALUE
OP Z -)*-

S «
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Cool Lost in Stopping and Starting Freight Trains

Average Weight of Cars Under 50 Tons
Operating Speed; 15 M.P.H.

90
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Table - E-3

TOIil POUNDS OP COAL 10 ST PER THOOSAIH) TONS OP TRAIN
EXCLUDING THE STANDING LOSS

POR
SUPERHEATED LOCOMOTIVE WITH COAL OP 14000 B.T.U,

VALUE
OP Z -(<-

G =



Economics of Railway Operation 493

Coal Lost in Stopping and Starting Freight Trains

Average Weight- of Cars- 60 Tons and Over

Operating Speed 20 M.P.H.
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Table - E-4

TOTAX POUNDS OP GOAL LOST PEB THOUSAHD TOHS OP IRAIH
KXCIUDINQ THE STABDIHG LOSS

POH
SUPERHEATED LOCOUDTIVB WITH COAL OP 14000 B.T.D.

VALUE
OP Z -rf-

G .
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Coal Lost in Stopping and Starting Freight Trams
Average Weight of Cars 'Under 50 Tons

Operating Speed : 20 M PH.
140
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Table - E-6

TOTAL POUNDS OP COAL LOST PER THOUSAOT TONS OP TRAIB
EXCLUDING THE STANDING LOSS

FOR
SUHERHEATED LOCOMOTIVE WITH COAL OP 14000 B.T.U,

VALUE
ot Z -<h
G s
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Coal Lost in S+opping ond Starting Freight Trains

Average Weight of Cars: 50 Tons and Over

Operating Speed :25 M.P.H.

eo
N

5.0

50

CHART NO. E-5
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Table - E-6

TOTAL POUNDS OP COAL LOST PER TH0US4.NI) TONS OP TRAIN
EXCLUDING THE STANDING LOSS

POR
SUPERHRATED LOCOMOTIVE WITH COAL OP 14000 B.T.U.

VALUE
OP Z -i"

s
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Cool Lost in Stopping and Starting Freight Trains

Average Weight of Cars: Under 50 Tons
Operating Speed 25 M.P.H.

140
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Table - E-7

TOTAl POUNDS OP GOAL LOST PER THOUSAND TONS OP TRAIN
EiCLUDINS THE STANDING LOSS

POH
SUPERHEATED LOCOMOTIVE WITH COAX OP 14000 B.T.U.

VALUE
OP Z -«(-

G s
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Cool Lost In Stopping and Starting Freight Trains

Average Weight of CarsSOTbns and Over
Operating Speed 30 MPH.

ISO

140

N

:> 60

4-0

20

CHART NO. E-7
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Table - B-8

TOTAl POUNDS OF COAL LOST P£R TH0U3AHD TONS OP TRAIN
EXCLUDING THE STANDING LOSS

FOR
SUPERHEATED LOCOMOTIVE WITH COAL OP 14000 B.T.U.

7A1UE
OP Z -rf-

Q s
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Coal Lost in Stopping and Starting Freight Trains

Average Weight of Cars- Under 50 Tons
Operating Speed 30 MRH.

180
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Table - E-9

TOTAL POUKDS OP COAl LOST PE3 THOUSAND TONS OP TRAIN
EXCLUDIHS THE STABHING LOSS

FOR
SUPERHEATSD LOCOMOTIVE WITH COAL OP 14000 B.T.U.

VALUE
OP Z -

G B
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ratle - E-10

TOTAL POTOTDS OP COAL 10 ST PIE THOUSA.UD TONS OP TRAIN
EXCLUDING THE STAIfDING LOSS

POR
SnPEREEATED LOCOMOTIVE WITH COAL OP 14000 B.T.D.

VALUE
OP 2 -

S «
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Coal Lost in Stopping and Starting Freight Trains

Average Weight of Cars Under 50 Tons
Operating Speed: 35 M.P.H,

ISO

N

^50

CHART NO. e - 10
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Table - E-ll.

T0T41 POUNDS OP COAI LOST PER THOUSAJO) TONS OP TRAIN
EXCITOING THE STANDING LOSS

FOR
SUPERHEATED LOCOMOTIVE WITH COAL OP 14000 B.T.U.

VALUE
OP Z -

0=0
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200

160
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80

N 40
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-40
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Table - E-12.

TOTAl POUNDS OP COAI J.OST FSR TH)UtiAMD TONS OP TRAIN
EXCLUDING THE STANDING lOSS

FOR
SUPERHrJVTED LOCOMOTIVE WITH COAL OP 14000 B.T.0.

VAIUE
OP Z -(

G =



Economics of Railway Operation 511

Coal Lost In Stopping And Starting Freiojht Trains

Average Weight OfCars Under Fifty Tons
Operating Speed =40 MPH

80

N-20

o

-St)

.100

-120

-140

-I60

-lao

CHART NO. E-IZ
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"S" Speed in MPH. for different 'V Speeds
car resis+onces and grades in stops made with

service application of the brakes

X
y- 40

0)

§35

1

"te 30

X)

^ 25
o

0)
Q}

Q.
to

CHART NO.E-13.
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Appendix C

(4) METHODS OF OPERATION BY WHICH THE INTEN-
SIVE USE OF FACILITIES MAY BE SECURED

E. T. Howson, Chairman, Sub-Committee; B. J. Schwendt, F. L. Thomp-

son, J. M. Brown, G. D. Brooke, B. T. Anderson, Mott Sawyer, V. I.

Smart, J. L. White, E. G. Allen, L. S. Rose, R. T. Scholes.

This subject is so similar to that assigned to Sub-Committee No. 2,

"Continue the Study of Methods of Increasing the Traffic Capacity of a

Railway," that after extended discussion the Committee decided that this

Sub-Committee should confine its attention to the consideration of those

means by which the capacity of a line can be increased without the expendi-

ture of any considerable amount of money, leaving to Sub-Committee No.

2 the study of those measures of increasing traffic capacity which involved

outlays for new or improved facilities. This demarcation left to this

Sub-Committee a verj' limited field because relatively few measures can

be taken to increase capacity that do not involve the expenditure of money.

The Sub-Committee devoted considerable time to the consideration

of those phases of operation which come within this assignment and finally

undertook two investigations, both of which are in the early stages, as

follows: (1) The use of the No. 19 train order in place of the No. 31

order as a means of reducing delays to trains, thereby increasing the

number of trains that can be handled over a line in a given period; (2)

The study of the methods employed by the Canadian Pacific and tlie

Canadian National Railways to handle their peak load grain traffic between

Winnipeg, Man., and Port Arthur-Fort William each fall which involves

the transportation of a maximum traffic for a period of approximately 60

days, equal to more than three times that handled during the remainder

of the year. Thus on the Canadian Pacific the average number of freight

trains operated daily between these points averages 10 during the 10 normal

months, rising to an average of 35 and a maximum of 41 during the grain

rush. The Committee believes that a study of the methods by which this

peak traffic is handled without increasing the investment that will be idle

or little used during the remainder of the year will afford some interesting

illustrations.

The Committee reports progress in the investigation of both of these

subjects and recommends continuance for next vear's work.
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Appendix D

(5) DEVELOP SUITABLE UNITS FOR COSTS OF OPERA-
TION AND EQUIPMENT MAINTENANCE

W. J. Cunningham, Chairman, Sub-Committee; L. E. Dale, H. C. Crowell,

M. F. Mannion, E. G. Allen, G. D. Brooke, H. A. Osgood, F. H.

McGuigan, L. E. Little, H. T. Porter, C. C. Williams.

The Sub-Committee was directed to "Develop Suitable Units for Com-
paring Costs of Operation and Equipment." Inasmuch as a liberal inter-

pretation of the subject might have carried the scope of the study too

far intO' the specialized fields of the transportation and mechanical depart-

ments, your Committee concluded that in the absence of arrangements for

joint consideration with appropriate committees from those departments,

it would be proper to limit this report to a brief survey of available

statistical units and other data in the fields of train, locomotive, car,

engine terminal, yard, and station operation and to confine it in this, which

at best is merely a progress report, to the freight service. Specifically,

the Committee has attempted herein to suggest an answer to such a question

as this : In a case where there has been a substantial additional investment

in additions and betterments, such as grade revision, reduction in distance,

increase in double track, sidings, yard capacity, automatic signaling, and

the like, what factors may be taken intO' account in comparing the operat-

ing results prior and subsequent to the expenditures to see whether the

expenditures were justified?

Unfortunately it is rarely possible to paint a statistical picture which

will reflect accurately the "before-and-after" results from the viewpoint

O'f any single major factor, such as a grade reduction, a "cut-off," a pro-

gram O'f additional trackage, a new engine terminal, or other extensive

revision or enlargement of a terminal or an intermediate yard. Changes

in the volume or the nature of the traffic handled, differences in weather

conditions, changes in wage rates or working rules, fluctuations in the

prices of materials and fuel, and differences in the number and degree oi

casualties, together with accounting exigencies which make it impracticable

to avoid substantial adjustments which either adversely or favorably affect

one or both of the two periods, frequently obscure or nullify the results

which would be apparent had the traffic characteristics and all other factors

been indentical in each, period. A "before-and-after" comparison, there-

fore, is always surrounded by qualifications, many of which are not sus-

ceptible of exact measurement. Since, however, statistics at best are merely

aids to judgment, and may properly be used only as such, your Committee

suggests that the following*, units of performance, costs, and income may
be helpful in such a comparison.

Nothing is herein suggested that may not be compiled currently from

available statistics of practically all railroads, and the greater part of the

basic data are now required by the Interstate Commerce Commission in the
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monthly or annual reports to that body. An ideal scheme would embrace

a much more comprehensive schedule with many desirable sub-divisions in

detail (such as those to be mentioned in connection with locomotive and

car repair costs), but your Committee has not considered it advisable in

this progress report to go beyond the available data except in a few

instances to suggest the desirability of greater detail. The following sug-

gestions, tlierefore, are merely a summary of what the Committee considers

as the best of the available and common units of comparison. They are

grouped under three headings: (1) Physical performance—operating statis-

tics in which the dollar mark does not appear; (2) unit costs—which are

to be studied in connection with physical performance; and (3) traflfic,

revenue and income factors.

Train Service

Locomotive Service

Car Service

Fuel Performance

Enginehouse Service

Yard Service

Physical Performance

(Freight Service Only)

(1) Gross ton miles per train mile.

(2) Net ton miles per train mile.

(3) Train miles per train hour.

(4) Gross ton miles per train hour.

(5) Net ton miles per train hour.

(6) Ratio of net ton miles to gross ton miles.

(7) Per cent of gross ton miles in prevailing

direction.

(8) Per cent of net ton miles in prevailing

direction.

(9) Per cent revenue ton miles of total net ton

miles.

(10) Train miles per locomotive mile.

(11) Gross ton miles per locomotive mile.

(12) Locomotive miles per locomotive day.

(13) Gross ton miles per locomotive day.

(14) Gross ton miles per 100 locomotive ton

miles.

(15) Net ton miles per loaded car mile.

(16) Car miles per car day.

(17) Per cent loaded of total car miles.

(18) Net ton miles per car day.

(19) Locomotive miles per ton of coal.

(20) Gross ton miles per ton of coal.

(21) Locomotives dispatched per 100 man hours.

(22) Cars handlcil per switching locomotive
hour.

(23) Cars handled per 100 man hours.

(24) Locomotive hours per 100 man hours.
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Station Service

Train Service

Locomotive Repairs

Car Repairs

Fuel

Enginehouse Service

Yard Service

Station Service

(25) Tons of house freight handled per 100

man hours.

Unit Costs

(26) Direct costs per train mile

(27) Direct costs per train hour.

(28) Direct costs per 1,000 gross ton miles.

(29) Direct costs per 1,000 net ton miles.

(30) Locomotive repairs per locomotive mile.

(31) Locomotive repairs per locomotive year.

(32) Locomotive repairs per ton on drivers per

year.

(33) Locomotive repairs per 1,000 gross ton

miles.

(34) Per cent running repairs of total

(35) Car repairs per car mile.

(36) Car repairs per car year.

(37) Per cent home cars of total cars on line.

(38) Cost per ton F.O.B. road.

(39) Cost per 1,000 gross ton miles.

(40) Cost per 1,000 net ton miles.

(41) Cost, per ton, of handling at fuel stations.

(42) Labor cost per locomotive dispatched.

(43) Direct costs per switch locomotive hour.

(44) Direct costs per car handled.

(45) Labor cost per ton handled in house.

Per Cent of Total Operating Expenses

Total Operating Expenses
(46) Maintenance of Way and Structures.

(47) Maintenance of Equipment.

(48) Traffic.

(49) Transportation.

(50) Miscellaneous (including transportation

for investment, Cr.)

(51) General.
Per cent of Total Operating Revenues

:

(52) Maintenance of Way and Structures.

(53) Maintenance of Equipment.
(54) Traffic.

(55) Transportation.

(56) Miscellaneous (including transportation

for investment, Cr.)

(57) General.

(58) Total operating expenses.

(59) Taxes.
(60) Operating expenses and taxes.
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Ton Mile Expenses

Density

Commodities

Average Haul

Units of Revenue

Income per Ton Mile

(61) Total freight operating expenses per gross
ton mile.

(62) Total freight operating expenses per net

ton mile.

(63) Total freight operating expenses per rev-

enue ton mile.

Traffic Factors

(64) Net ton miles per mile of road per day.

Per cent of Total Tons Handled

:

(65) Products of agriculture.

(66) Animals and products.

(67) Products of mines.

Products of forests.

Manufactures and miscellaneous.
Less than car load freight.

(68)

(69)

(70)

(71) Per cent of tons originated.

(72) Aliles hauled per ton.

Revenue Factors

(73) Freight revenue per revenue ton.

(74) Freight revenue per revenue ton mile.

(75) Total freight service revenue per revenue
ton mile.

(76) Freight operating expenses, taxes, equip-

ment rents, joint facilities and miscel-

laneous rents per revenue ton mile.

(77) Net railway operating income per revenue
ton mile.

Return on Investment
(78) Per cent freight service net railway oper-

ating income of freight service propor-
tion of property investment (annual rate

of return).

EXPLANATION OF STATISTICAL UNITS

The greater number of the 78 items in the foregoing list are commonly

used and are well known. They therefore require little comment. Others

are not so well known nor are so widely used, and a few have been employed

so seldom that their significance and their limitations should be mentioned.

The following comment follows the numerical order of the items in the

list.

Items 1 and 2 are the gross and net train load (gross ton miles and

net ton miles divided by freight train miles). The two items are included

in the Interstate Commerce Commission monthly statistics, (iross ton miles
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are based on the gross weight (tons of 2,000 pounds) of the train behind

the tender. The weight of the locomotive and tender is not included. Net

ton miles are based on the weight of the freight in the cars, including non-

revenue freight. The important significance of the unit is universally rec-

ognized. A very large part of train service costs vary directly with the

number of train miles and bear little relation to train weight. The obvious

desideratum, therefore, is to produce the maximum of ton miles with the

minimum of train miles. The train load also' bears an important relation

to the capacity of the railroad when its trackage facilities are severely

taxed and when the volume of traffic that may be moved is limited by the

maximum number of train units that may be operated.

The train load, however, is not the sole criterion of train service effi-

ciency. Recognition must be accorded to the time element. Hence are

included Items 3 toi 5, inclusive, which take account of train speed, including

delays, and indicate whether an increase in the train load has been pur-

chased at the expense of a decrease in train speed. Overloading of trains

may cause heavy additional expense in overtime payments at punitive rates,

may adversely affect fuel efficiency, and instead of increasing the capacity

of the road may actually reduce the maximum volume of tonnage. The
train speed, therefore, must be considered with the train load, and the

resultant oif the tw^O' factors is shown in ton miles per train hour.

Item 6 is included to^ reflect the relation of the net train load to the

gross train load. It has an important bearing upon the cost per net ton

mile. It may be analyzed by reference to Item IS (car load) and Item 17

(per cent loaded of total car miles).

Items 7 and 8 indicate the extent of unbalanced traffic. Fluctuations

in that factor may have a profound influence upon all other items of oper-

ating efficiency. An increase in traffic in the light direction with no' change

in the volume in the controlling direction means that the additional tons

may be handled at slight additional expense in trains which must be run

whether such tons are or are not offered for movement, and a very large

part of the revenue on such tons is net. Conversely, a decrease in traffic

in the ligh,t direction is accompanied by a negligible saving in expenses,

although the entire revenue is lost. The prevailing direction may be defined

as that in which the tonnage determines the number of trains which must

be run. In order to balance locomotives, cars and crews, an equal number
of trains or light engines must be run in the opposite direction. Ordinarily,

the prevailing direction is determined by the number of gross tons to be

moved, but the grades in the light traffic direction may be so much greater

than those in the heavy traffic direction as to make the former the controlling

direction.

The statistics are divided between gross and net tons to throw addi-

tional light on the factor of unbalanced traffic so that the nature of the

change may be more clearly indicated.

Item 9 is inserted to reflect fluctuations in the volume of non-revenue

(company) freight which adds to train expenses but yields no freight rev-

enue. It has a bearing upon the inclusive cost per revenue ton mile

(Item 76).
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In Items 10 to 12, inclusive, is shown tlie relation of locomotive

service to train service. Train miles per locomotive mile reflect changes

in the use of helper or double-header service and of the running- of light

locomotives. The gross ton miles per locomotive mile multiplied by loco-

motive miles per locomotive day gives a good measure of locomotive

productivity in gross ton miles per locomotive day.

Item 14 is unusual. It is intended to show the relation between the

train load and the weight of the locomotive and to throw light upon the

utilization of heavier power.

Items 15-18 throw light on car efficiency. The net ton miles per loaded

car mile has an important bearing upon the net train load. It must be

considered in connection with the commodity statistics (Items 65-71). The
car miles per car day unit is highly significant when comparisons are con-

fined to a single road in different periods, as it affords a good index of

changes in transportation efficiency. The per cent which the loaded car

miles bear to the total car miles has a distinct bearing upon the ratio of

net tons to gross tons. It should be compared with the items which show

changes in the relative volume of commodities and the items which reflect

fluctuations in traffic by directions. The unit net ton miles per car day is

the resultant of load, speed and per cent of loaded cars. It furnishes the

best composite index of the relative efficiency of freight car utilization as

between periods under review.

Items 19-20 deal with fuel efficiency. The usual units are "pounds of

coal per locomotive mile" and "pounds of coal per 1,000 gross ton miles."

Here the units are reversed to indicate the locomotive miles and gross ton

miles per ton of fuel. The reason for the suggested change is that in

every other unit in the group entitled "Physical Performance" an increase

in the unit is desirable and a decrease is undesirable. The fuel units sug-

gested herein are in harmony with that principle inasmuch as an increase

means more ton miles for a given quantity of fuel, whereas in the unit

shewn in the monthly statistical report to the Interstate Commerce Com-
mission an increase in pounds of coal per 1,000 gross ton miles indicates

a loss in efficiency. The output should be the numerator of the fraction

and the time or material used in producing the output should be the

denominator.

For enginehouse service but one unit is suggested (Item 21, Locomotives

dispatched per 100 man hours). This information, although not generally

made available, may easily be compiled, and will afford a rough check on

fluctuations in enginehouse efficiency.

In yard service three units are offered. (Item 22, cars handled per

switch locomotive hour. Item 2.^, cars handled per 100 man hours, and Item

24, locomotive hours per 100 man hours). There is considerable variation

between railroads in the basis for computing the number of cars handled

in yards. It makes little difference which basis is used for a comparison

between different periods on one road so long as it is uniformly applied to

each period. The method which is ordinarily followed is to take the aggre-
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gate of cars received and cars dispatched, giving no weight to movements

within the yard. In computing man hours it is suggested that the employees

include yard conductors, yard brakemen, switch tenders, yard enginemen and

firemen, and the yardmaster, his assistants and his office force. Item 24

is intended to show relative changes in the number of locomotives and yard

employees.

Beginning with Item 26 a group of unit costs are suggested. The first

section applies tO' train service. A distinction is made between direct ex-

penses and total operating expenses, and provision is made for showing

such costs in terms of the train mile, the train hour, the gross ton mile,

the net ton mile, and the revenue ton mile.

Direct costs may be defined as the train service group of transportation

expenses in the classification of the Interstate Commerce Commission,

namely

:

Account 392 Train enginemen.
"

393 Train motormen.
" 394 Fuel for train locomotives.
"

395 Train power produced.
"

396 Train power purchased.
"

397 Water for train locomotives.
"

398 Lubricants for train locomotives.
"

399 Other supplies for train locomotives.
"

400 Enginehouse expenses—train.
"

401 Trainmen.
" 402 Train supplies and- expenses.

Un'il recently the Interstate Commerce Commission required carriers

to make a monthly report which expressed these costs in terms O'f the

train mile and the gross ton mile. In addition to the items enumerated

above the Commission required the inclusion of locomotive repairs. Car

repairs, however, were not included. It is assumed that locomotive repairs

were included because they are easily computed and because the repairs to

locomotives bear a close relation to train mileage and ton mileage. Car

repairs, in total, on the other hand, are not so responsive tO' train and ton

mileage because the repair accounts are so markedly affected by the ade-

quacy or inadequacy of car ownership. The total cost of . car repairs is

strongly influenced by the relation of cars owned to cars used. (See dis-

cussion O'f Items 35-37.)

For the purposes of the comparison which the Committee has in mind

it is suggested that the direct costs include the items enumerated (Accounts

392-402) and the freight train service proportion of road locomotive repairs

(Accounts 308 and 311). These are the expenses which would be directly

influenced by improvements and enlargement of facilities, and a comparison

of such costs before and after the improvements and enlargements were

made would throw some light on their effect on expenses.

Items 30-34 deal with unit costs oi locomotive repairs. Four bases

are given—per locomotive mile, per locomotive year, per ton of weight on

drivers, and per gross ton mile. Each unit has its defects. The cost per

locomotive mile takes no account of differences in the train load nor dif-
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ferences in the weight of the locomotives. The cost per locomotive year

takes no account of differences in the intensity of use nor of weight. The

cost per ton of weight on drivers takes accovuit of differences in the power

of the locomotives but takes no account of differences in the degree of use.

This unit might be expressed in terms of tractive capacity instead of weight

on drivers, but the latter appears to be preferable. The cost per 1,000

gross ton miles is probably the best of the four units, as it reflects the

effect of variations in train load, locomotive power, and the degree of use,

but it may give a misleading indication if there have been changes in the

relative proportions of the traffic over the sections with heavy grades and

the sections with easy grades, or if there have been changes in the relative

proportion of fast freight or way freight trains to total trains. The cost

per gross ton mile should be considered in connection with the cost on the

three preceding bases.

Item 34 is intended to shed light on changes in the proportion of

locomotive repair work done in the enginehouses and in the general shops.

This information is not universally available but the work of compilation

is justified by the value of the information.

The cost of freight car repairs is one of the most difficult items to

analyze or to portray in statistical units. The difficulty lies in the common
use of cars of all carriers and the variations in the per cent of home cars

and foreign cars of total cars used. The burden of car maintenance, except

when the car is damaged by "unfair" usage (as defined by Master Car

Builders' rules), falls upon the car owner, whether the car is at home or

on another road. A road which has a credit balance in car per diem

maintains more cars than it uses. Its operating expenses are overstated

because the credit balance in the per diem account is an income item and

is not deducted from operating expenses. A road which has a debit balance

in car per diem maintains less cars than it uses. Its operating expenses are

understated as its debit per diem balance is a deduction from income and

no part of that debit balance gets into operating expenses. The effect of

the car ownership factor in operating expenses may not be determined

without special study, as the Commission's classification does not require

any sub-division of the account freight train car repairs. The analysis of

the account would be easier if it were divided so as to show repairs to

home cars at home, home cars on foreign roads, and foreign cars on home
road. It would be helpful also if the car mileage statistics were similarly

divided. A road may easily separate its car mileage as between miles

made by home cars and foreign cars on home line but it has no way of

determining the mileage which its home cars make while away from home.

The using roads report the car days only. Until detailed data such as that

lierein suggested are available little can be done to analyze car repair costs,

and for the comparison conteniplatcd in this report the only units suggested

arc total repair costs per total freight car mile (home and foreign com-
bined) and total repair costs per car owned. These results may be inter-

preted in the light of Item 2>7, per cent of home cars of total cars on line.



522 Econoimics of Railway Operation

That information may be taken from the periodical reports to the car service

division of the American Railviray Association.

Items 38-41 give unit costs of locomotive fuel. The cost per gross

ton mile may be based either on gross ton miles of train behind the tender

or on gross ton miles including locomotive and tender. The Interstate

Commerce Commission statistics include the weight of the locomotive and

tender. Handling costs at fuel stations (Item 41) should include labor,

power and supplies and maintenance.

The cost of enginehouse service per locomotive dispatched is confined

in Item 42 to labor charges for the reason that it is impractical to include

other charges, such as those for light, heat and materials, a part of which

goes into the cost of locomotive repairs.

In yard service two items, Nos. 43 and 44, are suggested. The first

gives the direct costs per switch locomotive hour. The second gives the

direct costs per car handled. The basis for counting cars has already

been discussed in the comment on Items 22 and 23. Direct costs may
include the wages of all yard service employees and the cost of fuel and

supplies for switch locomotives. It has not been found desirable to include

such expenses as light, heat, and supplies other than those for switch

locomotives.

In' station service but one item (No. 45) is suggested—the labor cost

per ton handled in the freight house. There is little uniformity in the

bases used for this unit. There are difficulties in segregating the house

freight from the total tonnage passing through the station and there is

the added complication of transfer tonnage. About all that is practicable

is to keep a special record of freight actually handled by station labor

in the house, including the tonnage transferred, and to charge to that

aggregate tonnage the wages oi foremen, checkers, laborers and others

assigned to the physical handling of house and transfer freight. Such a

record is justified only at large stations where more than one gang
of laborers is regularly employed. An average cost per ton for all stations,

derived by dividing the total cost of freight station labor by the total

tons moved, is of no practical value.

Items 48-60 deal with the relation of the major groups of operating

expenses to total operating expenses, and to total operating revenue. The
seven items (52 tO' 58, inclusive) are the operating ratio in detail by gen-

eral accounts. Item 59, per cent taxes of total operating revenues, is in-

serted tO' show its relation to the income items.

Items 61-63 give the total operating expenses per ton mile. Such
costs are based upon the division of common expenses between the freight

and the passenger services required by the rules of the Interstate Commerce
Commission, and they are subject to the qualifications which apply to

such division of common expenses. Yet even though the separation of

such expenses as Maintenance of Way and Structures between the two
classes of service cannot be made with accuracy the Commission's formula

gives a close approximation and when used uniformly in both periods imder
comparison on a single road the results afford a reasonably fair basis for

measuring the degree of change in the ton mile cost.
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The following group of items which pertain to traffic, revenue and

income factors affords a partial analysis of the net results of operation

carried through to the net railway operating income per revenue ton mile

and the per cent which it l^ears to the freight service investment. All

of the various detail, such as Item 64, traffic density. Items 65-70, relative

proportions of the several groups of commodities, and Item 72, average

haul per ton, have important relationships to operating expenses and operat-

ing revenues, and they should be available if the "before and after" sta-

tistical picture is to be fairly complete.

Items 73-75 deal with revenue factors. The revenue per ton and per

revenue ton miles are standard units of important significance. Item 75

(total freight service revenue per revenue ton mile) is rarely used. It is

introduced here so that there may be an inclusive unit of freight service

revenue which may be compared with the inclusive unit of freight service

cost (Item 76).

The standard unit—revenue per revenue ton mile—is obtained by

dividing the total revenue ton miles into the freight revenue (Interstate

Commerce Commission Account 101). It does not include incidental freight

sen-ice revenues, such as switching (Account 110), special train revenue

—

freight (Account 111), other freight train revenue (Account 112), Water

transfers—freight (Account 114), Water transfers—vehicles and
live stock (Account 115), Water line freight revenue (Account

121), Storage of freiglit (Account 135), Demurrage (Account

137), Grain elevator revenue (Account 139), and stock yard revenue (Ac-

count 140), and joint facilities and other miscellaneous items of revenue

in which the freight service as a whole should have a proportionate credit.

All of these incidental services affect the freight service proportion of total

operating expenses. It is obvious, therefore, that if the total freight service

expenses are to be divided by the revenue ton miles the comparable unit

of revenue should be based upon the total freight service revenue, including

incidental revenue not directly connected with the transportation move-

ment. The apportionment of some common items of revenue calls for assump-

tions which may be approximate only, but if the same basis is used in both

periods the results should be sufficiently accurate to afford a proper com-
parison. Such a method was used recently in the New England Division

Case in which an attempt was made to show the net railway operating

income per revenue ton mile on the roads party to the dispute on freight

divisions.

Item 76 is the freight service cost of operating expenses, taxes, equip-

ment rents, and joint facility rents per revenue ton mile. It involves a

separation of taxes and other charges between the freight and the passenger

services. There is no officially approved formula for such a division. In

the New England Division Case most of them were divided in propor-



524 Economics of Railway Operation

tion to operating expenses. The several items and the basis of division

were

:

Total operating expenses (divided according to Interstate Com-
merce Commission rules).

Taxes (divided on basis of operating expenses).
Hire of freight cars—net (all in freight).

Rent of locomotives—net (divided on basis of operating expenses).

Rent of floating equipment—net (all freight or divided on basis of
operating expenses).

Rent of work equipment—^net (divided on basis of operating
expenses).

Joint facility rents—net (divided on basis of operating expenses).

This unit, as has already been stated, may be compared with Item 75

—

total freight service revenue per revenue ton mile. The difiference between

the two is Item 11, Net Railway Operating Income per Revenue Ton Mile.

To carry the exhibit tO' its ultimate end it is desirable to show the rela-

tion of the net railway operating income per revenue ton mile to invest-

ment in road and equipment. That relationship (in Item 78) may be shown

by computing the percentage which the net railway operating income

from freight service (the basic figure for Item 75) minus the basic figure

for Item 76, bears to the freight service proportion of investment.

The principal difficulty in this important all-inclusive unit is that of

apportionment O'f investment. There is no authoritative or approved formula

available. From the valuation data it is possible to segregate and aggregate

the value oi equipment and facilities devoted exclusively to the freight service,

but a very large part of the total investment of the typical road is used

in common by both the freight and the passenger services. In the New
England Division Case the expedient of dividing the total investment on

the basis of the relative proportions of total operating expenses was used.

It is admittedly empirical and inexact, but it affords an available basis of

approximation. The basis of operating revenues might have been used

instead, but as the revenues themselves were in question, the expense basis

seemed to be the least objectionable. The operating expenses basis for the

apportionment oi investment has informally been suggested by the Com-
mission's Diyision of Statistics in its proposed formula for the determina-

tion of switching costs.

The foregoing schedule of items and the discussion of each item is

intended tO' be suggestive only. In a study of a specific case it may b€

found desirable tO' add to the list or to cut out items which may not in

that case have any special significance.

No attention has been paid here to the passenger service but the

units and methods suggested for freight are, with suitable modification,

applicable as well to the passenger service.

It is recommended that subject be continued next year.



Economics of Railway Operation 525

Appendix E

(6) DETERMINE WHAT VOLUME OF BUSINESS AND
SERVICE CONDITIONS IN ANY GIVEN YARD WILL
JUSTIFY A CHANGE FROM FLAT SWITCHING OPERA-
TIONS TO THE HUMP METHOD

R. T. Scholes, Chairman, Sub-Committee; B. J. Schwendt, L. S. Rose,

L. E. Dale, E. T. Howson, J. F. Pringle, J. M. Farrin, B. T. Anderson,

Albert Hansen, G. F. Hand, J. L. White, A. C. Shields, C. L. Whiting,

Louis Yager, S. B. Cooper.

The Committee has made study of two hump yards and has prepared

and sent out the following questionnaire to selected list of railroads, replies

from which have not yet been received. The Committee has therefore not

been able to work up its data and recommends continuance for another year.

AMERICAN RAILWAY ENGINEERING ASSOCIATION

Committee XXI—Economics of Railway Operation

QUESTIONNAIRE—HUMP YARDS

Committee XXI—Economics of Railway Operation, Sub-Committee No.
6, has been assigned the following subject for study and report:

"Study the problem of determining what volume of service and
conditions in any given yard will justify a change from flat switch-

ing operation to the hump method, collaborating with Committee
XIV—Yards and Terminals. Make a general study."

This is a very live subject and it is thought that an exchange of views
and data will be very helpful to all concerned. It is, therefore, urged that

you prepare reply to the questions listed below so' far as you are able to do
so, and also let the Committee have the benefit of your general conclusions

on the subject, and such additional data as is available and which you
think will be of value, based on your experience.

(1) How many hump yards have you on your system?
(2) How many of these yards are equipped with car retarders?

(3) Generally speaking, approximately what volume of business justifies

hump yard operation compared with flat yard?
(4) What train arrival frequency justifies hump yard?

(5) How does number of classifications per train combined with train

frequency arrival affect decision to use hump instead of flat yard
switching?

(6) How does mixed consist of trains and character of business, affect econ-
omy of hump yard? Several hump yards have been converted back
to flat yards on account of business handled being unsuitable for hump
yard operation.

(7) How docs frequency of service to patrons affect practical use of hump
yards? In these days of competitive dispatch service it is often
necessary to mix consist of freight trains and upon arrival at terminal
make special deliveries.

(8) How many cars per hour can be humped using one engine? Using
two engines?
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(9) Are more than two engines justifiable in a hump yard per shift?

(10) What is average maximum number of cars that can be humped per
eight hour shift and what number of engine hours are necessary?

(11) In (10) do all engines utilized have full ground crew, and if not, state

make up of each?
(12) What is average maximum number of cars that can be classified in a

flat yard per eight hour shift and what number of engine hours are
necessary ?

(13) What per cent of cars are weighed on the average? Engine hours
used in weighing should be included in (12).

(14) How much is your car damage per 1000 cars actually handled in

yards for:

(a) Hump yard with car riders?

(b) Hump yard with car retarders?

(c) Flat yard?

(15) How many cars per eight hour shift per car rider are handled?
(16) Ho'W many cars per eight hour shift per car inspector are handled

in hump yards?
(17) How many cars per eight hour shift per skateman are handled in both

retarder equipped hump yard and car rider hump yard?
(18) How many men per track mile necessary to maintain:

(a) Hump yard with retarders?

(b) Hump yard with car riders?

(c) Flat yard?
(19) From actual statistical data derived from your operations, what

is average cost per car actually handled in

:

(a) Hump yard retarder equipped?
(b) Hump yard with car riders?

_
(c) Flat yard?

In arriving at these costs consider following expenses

:

(a) Engine crews, including ground crews.

(b) Fuel, water, lubrication, etc., for engine, but no' roundhouse
expense or repairs.

(c) All yard forces pertaining to particular yard operation.

(d) All office forces pertaining to particular yard operation.

(e) Electrical power.
(f) Maintenance expenses, labor and material for tracks, re-

tarders, interlockers, etc.

(g) Give total number of cars handled per day in yard for

which cost figures are given.

(20) Is classification yard used as a departure yard or is a separate departure
yard prgvided? If the latter, describe briefly method of handling cars

from classification tracks to departure tracks.

(21) If available, furnish small scale blue print showing layout of hump
yards referred to above.

Any views or data that you are in a position tO' furnish, whether cov-

ered by this questionnaire or not, will be very much appreciated.
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Appendix F

(7) STUDY THE PROBLEM OF BRANCH LINE OPERATION
AS AFFECTED BY THE INTRODUCTION OF MOTOR
TRUCKS AND BUS LINES

H. C. Crowell, Chairman, Sub-Committee; G. E. Boyd, G. F. Hand, E. T.

Howson, E. E. Kimball, L. E. Little, Mott Sawyer, A. C. Shields, M. F.

Steinberger, J. E. Teal, Barton Wheelwright.

Within the last five years there has come into existence a new problem

the solution of which bids fair to tax the ingenuity of railroad operators

in the United States. The evolution of the art of transportation from the

stage coach and horse drawn wagon, through the period of the canal, to the

era of steam railroads and electric railways, is familiar to all students of

history. Recently there have appeared new and improved methods of trans-

portation utilizing the highways with motor-driven vehicles and the airways

with motor-driven airplanes and dirigibles. The latter method has not

yet threatened the stability of transportation by rail, but the former has

become of such importance as to require a detailed study by rail carriers

of the best means of determining the proper sphere of motor transport and

the best way to hold it within that sphere, utilizing it wherever it is eco-

nomically right and discouraging its use elsewhere.

Growth of Motor Vehicles and Highways

At the close of 1925 there were more than twenty million motor vehicles

in use on the highways of this country, or more than one car for every six

persons. The rate of increase in 1925 was 13.4 per cent, which if con-

tinued will mean twenty-three million at the end of 1926 and forty million by

1931. The rate of increase in the number of motor trucks in 1925 exceeded

the growth of motor vehicles as a whole. By far the greater number of

motor vehicles are private passenger cars, although there is a rapidly

increasing number of public passenger cars, including small cabs seating four

or five persons and larger vehicles with from fifteen to seventy seats,

known as motor coaches, stages and buses. Total passenger cars numbered

seventeen and one-half million at the beginning of this year, and two and

one-half million trucks or freight cars were in operation.

The tremendous growth of motor transport, both by freight truck

and by passenger car, since the World War has been accompanied by an

equal growth in the mileage of improved highways. This mileage in the

United States was estimated on January 1, 1926, at three million, of which

one-half million or seventeen per cent was surfaced. The rapid increase

in the mileage of surfaced roads, provided by township, state and federal

aid, has made possible the corresponding increase in the number of motor

vehicles. It is estimated that more than one billion dollars was spent in

1925 for the construction and maintenance of public roads. Federal aid

has been extended under the Act of 1916 to the construction of 46,977

miles of highway prior to 1926, representing the expenditure of $841,000,000,
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of which the Federal government contributed $372,000,000. The possibility

of transporting passengers and freight over such a system oi highways with

a fleet of motor vehicles greater than 81 per cent of the world's total staggers

the imagination. Possibly these facilities are not being used to capacity, but

the unknown number of passenger miles and ten miles moving over the

highways is sO' great that traffic on the railroads is being seriously affected.

Recent Trend in Rail Passenger Traffic

Passenger statistics are not subject to such wide fluctuations over a

period of years as freight statistics, not being affected so seriously by

booms and depressions. Studies of these statistics will, therefore, indicate

in a general way the effect of the new means of transportation. In the

following table representative items for the last ten years indicate what has

been taking place in passenger transportation by rail.

The number of passengers carried by rail reached its maximum in 1920,

prior to the advent of motor transportation on a large scale; in 1925 the

smallest number in the ten-year period was recorded—28 per cent fewer

than in 1920 and 12 per cent below 1916, a pre-war year. The number

of passenger miles also reached its peak in 1920, but the decrease since

that year has not been so noticeable as in the case of the number of

passengers. Before the World War there was a steady increase in passen-

ger miles. A continuation of this increase would logically have occurred

after the war ; therefore the decrease that has taken place is especially

significant.

While the decrease in the number of passengers carried has been gen-

eral throughout the United States, it has varied widely in magnitude in

different areas. Thus, while the number of passengers carried in the first

nine months of 1926 is less than in the same period in, 1922 in all dis-

tricts, the amount of the decrease in these four years ranges from 1.3

per cent in the Great Lakes district to 41.7 per cent in the Soiuthwestern

district, as shown in the following table.

Number of Passengers Carried

1926 1922 Per Cent
Region • 9 Months 9 Months Change

New England 88,962,000 114,782,000 ' *22.5
Great Lakes 115,211,000 116,674,000 * 1.3

Central Eastern 252,682,000 . 247,591,000 f 2.1

Eastern District 456,855,000 479,047,000 * 4.6

Pocahontas 9,240,000 11,501,000 *19.7

Southern 56,515,000 70,391,000 *19.7

Southern District 65,755,000 81,892,000 *19.7

Northwestern 38,244,000 53,009,000 *27.9

Central Western 67,556,000 80,114,000 *15.7

Southwestern 17,754,000 30,443,000 *41.7

Western District 123,554,000 163,566,000 *24.5

United States 646,164,000 724,505,000 *10.8

* Decrease,
tincrease.

Still more specifically, the total number of passengers handled by the

railways in Minnesota declined from 18,274,516 in 1919 to 7,905,378 in

1924, or 57 per cent in five years, while the number of railway tickets sold
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at 26 selected stations in that state decreased from 488,649 in 1920 to 175,706

in 1924, a decrease of 64 per cent in four years. Similar conditions prevail

in New England where, for illustration, on the New York, New Haven &
Hartford, where passenger train revenue constituted 49 per cent oi the total

operating revenues in 1920, the: number of passengers decreased 34.4 per

cent in' 1925 as compared with 1920.

When the statistics of passenger travel are separated into those cover-

ing commutation traffic and those covering all other traffic, further light

is thrown upon the source of the loss of passenger business. On the basis

of the first nine months of the respective years, the number of commutation

passengers increased from 319,197,000 in 1922 to 331,314,000 in 1926,

as shown in the following figures

:

Number of Commutation Passengers Carried

1926 1922 Per Cent
Region 9 Months 9 Months Change

New England 55,844,000 74,186,000 *24.7

Great Lakes 73,682,000 67,378,000 f 9.4

Central Eastern 131,258,000 109,465,000 tl9.9
Eastern District 260,784,000 251,029,000 f 3.9

Pocahontas 238,000 359,000 *2>2,.7

Southern 18,612,000 18,326,000 f i;6

Southern District 18,850,000 18,685,000 f 0.9

Northwestern 18,784,000 20,481,000 * 8.3

Central Western 31,943,000 27,306,000 tl7.0
Southwestern 953,000 1,696,000 *43.8

Western District 51,680,000 49,483,000 f 4.4

United States 331,314,000 319,197,000 t 3.8

*Decrease.
flncrease.

The number of other than commutation passengers, however, decreased

in the same period from 405,308,000 to 314,850,000, as shown in the follow-

ing figures

:

Number of Other Than Commutation Passengers Carried

1926 1922 Percent
Region 9 Months 9 Months Change

New England '. 33,118,000 40,596,000 *18.4

Great Lakes 41,529,000 49,296,000 *15.8

Central Eastern 121,424,000 138,126,000 *12.1

Eastern District 196,071,000 228,018,000 *14.0

Pocahontas 9,002,000 11,142,000 *19.2

Southern 37,903,000 52,065,000 *27.2

Southern District 46,905,000 63,207,000 *25.8

Northwestern 19,460,000 32,528,000 *40.2

Central Western 35,613,000 52,808,000 *32.6

Southwestern 16,801,000 28,747,000 *41.6

Western District 71,874,000 114,083,000 *37.0

United States 314,850,000 405,308,000 *22.3

*Decrease.
tincrease.

That this loss is primarily in the short haul traffic is shown by the fact

that the revenue passenger miles have not shown the same corresponding

decrease as indicated by the following comparative figures

:
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Rev-enue Passenger Miles

All Passenger Traffic

1926 1922 Per Cent
Region 9 Months 9 Months Change

New England 2,351,406,000 2,508,859,000 * 6.3

Great Lakes 4,791,542,000 4,402,525,000 • f 8.8

Central Eastern 7,160,334,000 6,733,952,000 t 6.3

Eastern District 14,303,282,000 13,645,336,000 f 4.8

Pocahontas 484,391,000 510,791,000 * 5.2

Southern 3,524,677,000 3,056,243,000 tl5.3
Southern District 4,009,068,000 3,567,034,000 tl2.4

Northwestern 2,444,056,000 2,746,066,000 *11.0

Central Western 4,701,434,000 4,877,410,000 * 3.6

Southwestern 1,687,658,000 1,845,984,000 * 8.6

Western District 8,833,148,000 9,469,460,000 * 6.7

United States 27,145,498,000 26,681,830,000 t 1-7

'Decrease,
tincrease.

Passenger Traffic Other Than Commutation

Revenue Passenger Miles

1926 1922 Percent
Region 9 Months 9 Months Change

New England 1,573,353,000 1,588,174,000 * 0.9

Great Lakes 3,552,267,000 3,278,712,000 f 8.3

Central Eastern 5,166,358,000 5,070,934,000 f 1-9

Eastern District 10,291,978,000 9,937,820,000 f 3.6

Pocahontas 480,733,000 505,286,000 * 4.9

Southern 3,330,473,000 2,870,699,000 tl6.0
Southern District 3,811,206,000 3,375,985,000 tl2.9

Northwestern 2,138,308,000 2,419,567,000 *11.6

Central Western 4,286,078,000 4,525,428,000 * 5.3

Southwestern 1,677,746,000 1,828,151,000 * 8.2

Western District 8,102,132,000 8,773,146,000 * 7.6

United States 22,205,316,000 22,086,951,000 f 0.5

* Decrease.
tincrease.

The average length of journey by rail, which was abnormally high in

1917, 1918, and 1919, due to troop movement, reached 40.5 miles in 1925, a

longer distance than was recorded in any previous year in the period, and

probably the longest ever reported in this country. The reason for this is

that through long-distance travel has been increasing and local, short-distance

travel has been decreasing. This decrease has not been in the commutation

business that moves at less than standard rates, but in the first-class ticket

sales, generally considered the most profitable kind of passenger traffic. The

net result of these two influences has been a more or less steady decline in

passenger revenue since the peak in 1920, although an increase in passenger

fares became effective late that year. Passenger revenue was smaller in

1925 than in any year since 1918. The decline in the sale of first-class tickets

is also reflected in the revenue per passenger mile, which has shown a

steady decrease since 1921, the first full year in which the present schedule

of fares was in effect.
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As a result of the loss of this short haul traffic, the average journey per

passenger has increased as is shown by the following figures for all passenger

traffic for commutation passenger traffic and for passenger traffic other

than commutation:

All Passenger Traffic

Average Journey per Passenger

1926 1922 Percent
Region 9 Months 9 Months Change

New England 26.43 miles 21.86 miles t20.9
Great Lakes 41.59 miles Z7.7Z miles tlO.2

Central Eastern 28.34 miles 27.20 miles f 4.2

Eastern District 31.31 miles 28.48 miles f 9.9

Pocahontas 52.43 miles 44.42 miles flS.O

Southern 62.37 miles 43.42 miles t43.6
Southern District 60.97 miles 43.56 miles t40.0

Northwestern 63.91 miles 51.80 miles t23.4
Central Western 69.59 miles 60.88 miles tl4.3

Southwestern 95.06 miles 60.64 miles tS6.8
• Western District 71.49 miles 57.89 miles t23.5

United States 42.01 miles 36.83 miles tl4.1

*Decrease.
tlncrease.

Passenger Traffic Other Than Commutation

Average Journey per Passenger

1926 1922 Per Cent
Region 9 Months 9 Months Change

New England 47.51 miles 39.12 miles t21.4
Great Lakes 85.54 miles 66.51 miles t28.6
Central Eastern 42.55 miles 36.71 miles tl5.9

Eastern District 52.49 miles 43.58 miles t20.4
Pocahontas 53.40 miles 45.35 miles tl7.8

Southern 87.87 miles 55.14 miles t59.4
Southern District 81.25 miles 53.41 miles t52.1

Northwestern 109.88 miles 74.38 miles t47.7

Central Western 120.35 miles 85.70 miles t40.4
Southwestern 99.86 miles 63.59 miles t57.0

Western District 112.73 miles 76.90 miles t46.6
United States 70.53 miles 54.49 miles t29.4

*Decrease.
tlncrease.

These reductions in passengers, passenger miles and passenger revenue

are not the result of curtailment in passenger service ; in fact, they have

occurred in the face of constant increase in the number of passenger train

miles, this number in 1925 being greater than in any year since 1917, when

troops were being assembled. As a result the average number of passengers

per train decreased to 62.6 in 1925, the lightest loading since 1916. Similarly

the number of car miles and the average number of cars per train have been
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increasing in spite of reductions in traffic, each item reaching a maximum
in 1925, in which year the average number of passengers per car reached its

minimum. Regardless of what may have happened in individual cases, the

general statement may be made that the deflection of passenger traffic from

rail to highway was not primarily the result of curtailment of rail service.

While there is no official separation of through and local passengers

or revenue, the result of general observation of fluctuations in these kinds

of traffic is confirmed by disproportionate increases in the surcharge col-

lected from sleeping and parlor car passengers ; this surcharge is approxi-

mately 10 per cent of the railroad fare and is a good measure of the volume

of through or long-distance traffic. Similarly, the number of Pullman car

miles increased from 780 million in 1917 to 811 million in 1920, 891 million

in 1923 and 1044 million in 1925.

Highway Transportation Affects Rail Traffic

It is thought that the diversion of passenger business from the rail

to the highway has been caused largely by the increasing use of the private

automobile, the convenience of which for business trips of limited length and

for vacation or pleasure trips of any length cannot be denied. Little of

this traffic can be regained, unless there should be an unforeseen increase in

the cost of automobile operation, due to higher cost of taxes, fuel and other

supplies, or such congestion on the highways as tO' reduce the speed, eliminate

the pleasure and increase the hazard of this form of transportation. In

addition to the private car, the public conveyance or motor coach has

made heavy inroads on rail passenger traffic in the last three years. On
January 1, 1925, there were approximately 53,000 buses in service, virtually

all of which, excepting a few hotel, school and sightseeing buses, had come

in'o existence within the previous year or two. It is true that there were a

few motor coaches, locally known as "stages," in use in the far West as

early as 1912, but they were used more for sightseeing than for ordinary

transportation. On January 1, 1926, this number had grown to 70,000, and

the increase in 1926 will probably exceed the increase in 1925. Interurban

electric lines and city rapid transit companies now own large fleets of

motor coaches, and have thus protected their revenues. On the other hand,

the steam railroads, with a few exceptions, have been slow to make use of

this new method of transportation, with the result that some of the more

profitable traffic has been captured by their new competitors. The loss

may not be permanent as some of the diversion has resulted from the novelty

of bus-riding, and business attracted by low fares will leave the highway

vehicles when rates are advanced to a remunerative level. Increases in

taxes will result in further increases in fares, and federal regulation of

interstate highway carriers will tend to prevent duplication in transportation

facilities. Some of the business will be recaptured by the operation of buses

owned by the railroads or their subsidiaries. In general, it may be stated

that buses that are operated within their proper sphere, those that have a

legitimate excuse for existence, will continue and their numbers will increase

;

the others will \)c forced by economic pressure or sound regulation to cease

operating.



534 Economics of Railway Operation

Field of the Motor Coach

The motor coach is admirably adapted to the furnishing of short-haul

transportation in limited quantities. In cities double-deck buses carrying

ds many passengers as a street car are fast replacing this method of rapid

transit. In the country and in suburban districts single-deck buses carry-

ing from twenty to tliirty passengers are replacing small branch line trains

and interurban cars. All of this may be termed "retail" transportation.

"Wholesale" or train-load transportation provided by subways and elevated

railroads in the cities, by commuters' trains in the suburbs and by long-

distance express trains cannot economically be replaced by highway trans-

portation. Motor coaches making long runs between distant cities where

there is sufficient business to justify the maintenance of a railroad and the

operation of passenger trains are not generally within their proper sphere and

should not be allowed to divide with the rail carrier revenue that is required

to produce a fair return on the existing investment. Under proper regulation

such uneconomic use of motor transportation will not be permitted.

Briefly, the field of the motor coach outside of the cities should be

limited tO' those sparsely settled districts where there is not sufficient traffic

to justify the operation of passenger trains; to those districts where there

is sufficient traffic to warrant the furnishing O'f both kinds of service (in

which case the highway operation should be performed by the existing rail

carrier) ; to those districts where accommodation train service can best be

performed by buses in conjunction with express service by rail, the two

forms of service being properly co-ordinated. Within its field bus transpor-

tation should not be opposed by the railroads ; rather it should be encouraged

by its adoption wherever it presents the most economical method of trans-

porting passengers, and elsewhere if travelers are willing to pay the full

cost, including interest on the investment. If the public prefers toi "ride

on rubber" it will do so, although in some cases part of the price it must

pay will be the loss of rail service. The duty of railroad management,

therefore, appears tO' be the direction of the public's desires, so far as

direction is possible, along proper lines, keeping highv/ay transportation

in its legitimate field, and not being slothful in providing it where it is

the best transportation tool for the purpose.

Field of the Motor Truck

The war taught the United States how to secure prompt freight service

for limited distances by the use oi motor trucks. This use oi the highway

has been increasing and freight tonnage that would have moved by rail

under pre-war conditions has been correspondingly reduced. It is significant

that the average haul obtained by dividing revenue ton miles by tonnage

originating on line has increased from 302 miles in 1916 to 332 miles in

1925, a figure that was not exceeded in the last ten years. It is a logical con-

clusion that this increase is due largely to the loss of short haul traffic to the

motor truck. As in the case of the motor coach, the truck is well adapted

to the furnishing of short-haul transportation in limited quantities. In

cities it is replacing the trap car for transferring less-than-carload freight

between industries and freight terminals, and it is also^ replacing the freight

car in intraterminal work. For short hauls of less-than-carload freight in
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city or country it provides cheaper and prompter transportation than the rail-

road train, especially when the cost of crating and packing and collec-

tion and delivery service are considered. In "retail" transportation it is

preeminent ; in "wholesale" transportation, measured either by bulk or

by distance hauled, it is out of place and in its unregulated state a menace to

rail carriers. It is probably not as serious a factor as the passenger car,

both private and public, because speed and economy govern its use, while in

the case of the passenger car novelty and pleasure enter in to a large degree.

The field of the truck is limited in the same way as that of the motor

coach, with the exception that there can never be sufficient traffic to be

moved, in bulk or over long distances, to warrant two- parallel services

excepting as a temporary expedient; rail facilities should be expanded, if

necessary, to handle all of this business that is offered. Of course it is true

that a sudden emergency, such as a war or a serious labor difficulty, may
temporarily force "wholesale" freight traffic onto the highway. In the

case of motor coaches, however, it is recognized that situations may exist

where parallel services, covering relatively long distances, are justified and

should be maintained. Generally speaking, the fields of the .truck and the

bus are the same and the attitude of the railroads toward the truck should

be similar to their attitude toward the bus ; assisting it in its legitimate

field, using it as an ally where it should be used and opposing it elsewhere.

Branch Line Abandonments

From what has been said it is evident that highway transportation has

a great field in the sparsely settled areas served by railroad branch lines,

ajid the effect of this new method of transport on the carriers' secondary

lines will now be studied. It is a matter of common knowledge that many
rail lines have been abandoned in the last five years on account of deficits

resulting from motor competition. It is also true that there are many rail

lines now being operated at a deficit for the same reason; in general these

should either be made to pay or be abandoned. The problem of determining

what action should be taken is intricate, and it is the object of this report

to outline one method of solving it.

As a matter of interest the following information concerning the

abandonment of railroad mileage in recent years is submitted. The figures

have been compiled by Henry R. Trumbower, Economist in the Bureau

of Public Roads of the United States Department of Agriculture.

MILEAGE OF RAILROAD LINES AND BRANCHES ABANDONED
From November 1, 1920, to July 1, 1926

Number of Lines
Year and Branches Mileage

Nov. 1, 1920, to Dec. 31, 1920 4 54.27
Calendar Year 1921 34 692.94
Calendar Year 1922 24 583.61
Calendar Year 1923 20 457.69
Calendar Year 1924 26 429.08
Calendar Year 1925 49 752.01

Jan. 1, 1926, to July 1, 1926 20 227.24

Total 177 3,196.84
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PRIMARY CAUSES FOR ABANDONED MILEAGE
From Notomber 1, 1920, to May 1, 1925

Percent-
age on

Number of Mileage of Basis of
Cause Abandonments Abandonments Length

Exhaustion of natural resources 78 1,411.20 57.8

Competition of other railroads 14 713.34 29.3

Competition of motor vehicles 10 104.46 4.3

Rearrangement of lines of railroad... 5 32.64 1.3

Miscellaneous 13 177.31 7.3

Total 120 2,438.95 100.0

From May 1, 1925, to July 1, 1926, there were 57 abandonments; the

reasons for these abandonments have not been tabulated, but it is safe to

assume that the competition of motor vehicles is becoming a more important

factor.

What Is a Branch Line?

First of all a definition of the phrase "branch line" as used in this

report should be made. No sharp line can be drawn between a branch

line and a main line, nor between a branch line and a sidetrack. A main

line on one road is a branch line on another ; this is illustrated when a class

I carrier takes over one of the so-called "short line" roads. Similarly, a

branch serving several industries ou one road may be classified as merely a

sidetrack on another. Fortunately the distinction at the upper end of the

scale is of little importance except for statistical purposes, but at the other

end it may be of great importance in connection with the building or the

abandoning of a piece of railroad.

The Transportation Act of 1920 provides that "no carrier by railroad

subject to this Act shall undertake the extension of its line of railroad, or

the construction of a new line of railroad, or shall acquire or operate any

line of railroad, or extension thereof, or shall engage in transportation under

this Act over or by means O'f such additional or extended line of railroad,

unless and until there shall first have been obtained from^ the Commission a

certificate that tfie present or future public convenience and necessity require

or will require the construction, or operation, or construction and operation,

of such additional or extended line of railroad, and no carrier by railroad

subject to this Act shall abandoai all or any portion of a line of railroad, or

the operation thereof, unless and until there shall first have been obtained

from the Commission a certificate that the present or future public con-

venience and necessity permit of such abandonment." It also provides that

"the authority of the Commission shall not extend to the construction or

abandonment of spur, industrial, team, switching or sidetracks." It is,

therefore, necessary to draw a line between branches and sidetracks. Sev-

eral characteristics have been suggested as possible bases for making this

distinction

:
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(1) Character of traffic—passenger, mail, express, carload or l.c.l.

freight

;

(2) Connection with main line at one or both ends

;

(3) Absence of stations except at junction point

;

(4) Method of operation and application of train rules;

(5) Collection of revenue—absence of tariffs to points beyond
junction

;

(6) Length;
(7) Cost of construction;

(8) Type of construction and standard of maintenance.

The courts have been called upon to make decisions both as to con-

struction and as to abandonment of tracks the classification of which was

in question. One of the most important and most recent cases was that of

the Texas & Pacific Railway Company, appellant, versus the Gulf,

Colorado & Santa Fe Railway Company, decided by the Supreme Court of

the United States, October Term, 1925, opinion by Justice Brandeis, dated

March 1, 1926. The following quotation from this decision is of interest

and indicates that a liberal construction should be had of the authority of

the Interstate Commerce Commission in such matters.

"A truer guide to the meaning of the terms extension and indus-

trial track, as used in paragraphs 18 to 22, is furnished by the

context and by the relation of the specific provisions here in question

to the railroad policy introduced by Transportation Act, 1920. By
that measure Congress undertook to develop and maintain, for the
people of the United States, an adequate railway system. It recog-

nized that preservation of the earning capacity, and conservation of
the financial resources, of individual carriers is a matter of national

concern ; that the property employed must be permitted to earn a
reasonable return ; that the building of unnecessary lines involves a
waste of resources and that the burden of this waste may fall upon
the public ; that competition between carriers may result in harm
to the public as well as in benefit ; and that when a railroad inflicts

injury upon its rival, it may be the public which ultimately bears

the loss. The Act sought, among other things, to avert such losses.

"When the clauses in paragraphs 18 to 22 are read in the light

of this congressional policy, the meaning and scope of the terms
extension and industrial track become clear. The carrier was au-

thorized by Congress to con.struct, without authority from the Com-
mission, 'spur, industrial, team, switching or sidetracks . . .

to be located wholly within one State.' Tracks of that character
are commonly constructed either to improve the facilities required
by shippers already served by the carrier or to supply the facilities

to others, who being within the same territory and similarly situated

are entitled to like service from the carrier. The question whether
the construction should be allowed or compelled depends largely
upon local conditions which the state regulating body is peculiarly

fitted to appreciate. Moreover, the expenditure involved is ordinarily
small. But where the proposed trackage extends into territory not
theretofore served by the carrier, and particularly where it extends
into territory already served by another carrier, its purpose and
effect are, under the new policy of Congress, of national concern.
For invasion through new construction of territory adequately
served by another carrier, like the establishment of excessively
low rates in order to secure traffic enjoyed by another, may be
inimical to the national interest. If the purpose and effect of the
new trackage is to extend substantially the line of a carrier into
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new territory, the proposed trackage constitutes an extension of

the railroad within the meaning of paragraph 18, although the

line be short and although the character of the service contem-
plated be that commonly rendered to industries by means of spurs

or industrial tracks. Being an extension, it cannot be built

unless the Federal Commission issues its certificate that public

necessity and convenience require its construction."

The Interstate Commerce Commission's definition of a branch line, as

recorded on page 400 oi the annual report forms for the year ended Decem-

ber 31, 1925, is as -follows : "A branch line is a line serving one or more

stations beyond the point of junction with the main line or another branch

line, and to or from which stations train service, or its equivalent, is per-

formed."

One of the Federal courts has interpreted this section of the Act as

follows : "New lines, extensions and branches are tracks over which

there are tO' be train movements in the sense that such movements are a

part of the actual transportation haul from the shipper to the consignee,

while spur, industrial, team, switch or sidetracks are for use in loading,

reloading, storing and switching the cars, and other things merely inci-

dental to the regular train haul." Usually each case must be settled on

its own merits, and when there is doubt as to the proper classification it is

best to assume that the track to be built or abandoned is not a sidetrack, and

that the Interstate Commerce Commission will have jurisdiction.

Study of Branch Line Operation

The solution of the problem of what to do with the unprofitable line

applies equally to the branch line or a part of the main line. In either case,

if it is desired to abandon any portion of the "miles of road" or "miles oi

first main track," the same formalities as to the securing of formal approval

of state or Federal commissions must be complied with. The methods recom-

mended herein for dealing with branch lines will, therefore, apply equally

to unprofitable portions oi the main line.

The first step in any problem of this kind is to get the facts. In this

case this is a cortsiderable task, and it is, therefore, recommended that on any

railroad where it is desired to attack the problem seriously a committee

should be appointed, some of the members of which should be relieved

of all other work. The transportation, maintenance, traffic, accounting and

motor service departments should be represented, and the law and finance

departments should be available for consultation. After collecting the facts,

this committee should draw its conclusions and submit its recommendations

concerning the action that should be taken.

Information that should be collected includes operating revenues, operat-

ing expenses, net revenue, taxes, hire of equipment, net income (or loss)
;

tonnage and commodity statements, passenger statistics, milk, baggage, mail,

parcel post, express and newspapers handled ; location of other railroads and

highways
;
population of cities and towns on line and methods by which

they may secure transportation service in the event of abandonment; his-

torical data concerning the construction of line, such as date of and pur-
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pose for construction; investment in line, bonded indebtedness and com-

plete information concerning its corporate history and financial structure.

If there are good reasons for believing that abandonment will be the final

solution, it is advisable to collect all of this information in the manner and

for the length of time prescribed by the Interstate Commerce Commission

in its official Questionnaire, answer to which will have to be prepared and

filed if permission for abandonment is desired. Copies of this Question-

naire may be obtained from the Commission.

If there is no assurance that abandonment will be desired, considerable

effort may be saved by collecting the accounting data for a shorter period

than the five j'ears specified by the Commission and by using short-cut

methods where results will not be vitiated by the approximations. Judg-

rhent must be used in adopting short-cut methods ; for example, maintenance

of way being seasonal it would be misleading to multiply three months'

expense by four to obtain an estimate of the annual charge, but under

certain conditions other expenses and revenues may be so obtained with rea-

sonable accuracy. It is essential to consult local officers before beginning

this work, as the man on the ground is more familiar with the local opera-

tion than any officer whose jurisdiction extends over a much larger territory.

Form of Report

A suggested form of report is as follows

:

(1) General description of line under review; terminals and distance
between them ; counties and states traversed ; cities and towns
served.

(2) Corporate history; dates of incorporation, construction and
consolidations.

(3) Financial structure; investment in road and equipment; amount and
ownership of stocks and bonds; dividends and interest paid or
in arrears.

(4) Description of fixed property and its maintenance ; track mileage
statement; industrial tracks and their ownership; rail, tie and
ballast conditions; number and length of maintenance sections;
bridge and building statements; heavy renewals required in

near future
;

general statement of deferred maintenance and
estimated cost of bringing fixed property up to standard.

(5) Description of equipment used and facilities for maintaining it.

(6) Passenger operation ; number of trains
;
passengers on each train

for a representative period, total and maximum at any one time

;

incidental operations such as baggage, mail, parcel post, express,
newspapers and milk ; number and size of crews used.

(7) Freight operation; number and description of freight movements;
carloads handled daily for a representative period ; number and
size of crews used.

(8) Agency operation ; number and location of agency and non-agency
stations: normal force at each station; tickets sold and way-
bills and freight bills made for a representative period; revenue
at each station for a period of years.

(9) Passenger traffic statistics; passengers handled for a period of
years ; estimated passenger revenue ; other passenger train
revenue.

(10) Freight traffic statistics; tonnage and commodity statements for
several years; carloads to and from each station; less-than-
carload tonnage; gross revenue, distributed to branch and to
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remainder of system ; estimate of tonnage and gross revenue
that will be lost to system if line is abandoned ; cars, tonnage
and revenue separated between local to branch, interchange and
"overhead" or bridge route traffic.

(11) Competitive conditions; other railroads; highway competition,

present and prospective ; comparison of passenger fares and
freight rates by rail and highway ; comparison of time sched-

ules ; advisability of forestalling highway competition.

(12) Income statements for several years; operating expenses by primary
and general accounts ; summary of operating revenues ; net

revenue; taxes, hire of equipment and joint facility rent; net

income (or loss).

(13) Reasons for retaining line in face of net loss; feeder value; emer-
gency detour value ;

prospect of additional traffic from future

growth of district served ; strategic value in competitive

territory.

(14) If line should be retained, possibilities of economies in maintenance
and operation ; use of rail motor cars, motor coaches and

trucks ; reduction in train service ; agency economies.

(15) Conclusions and recommendations briefly stated.

Computation of Net Income or Loss

The preparation of this information will require considerable time

and expense, but with the possible exception of item 12, there should be

no unusual difficulty. The development of income statements and the

computation of net income (or loss) are considered in detail in Exhibit A.

Reduction of Net Loss

Assuming that the computations have developed a net loss, the next

step is to determine whether to continue operation or request permission

to abandon the unprofitable line. First of all, the thorough investigation

of the property necessary for the suggested report will have placed in the

hands of the committee a great deal of information by the use of which

expenses may be reduced or revenues increased. If this possible reduction

of the net loss is substantial the economies should be put into practice at

once, additional revenues secured and decision as to abandonment post-

poned. Even though it may ultimately be necessary to ask for permission

to abandon, it 'is not advisable to appear before the Commission until a

sincere effort has been made to reduce the net loss ; it will be claimed by

the protestants, who will not hesitate to point out the lack of efficiency,

that the carrier is either incapable or is deliberately trying to run up the

loss to make a good case.

Several methods by which the net loss may be reduced are here

enumerated. If train service is unusually poor and traffic has been falling

off in recent years, consideration should be given to the possibility of

recapturing the former business and adding to it by improving the rail

service or by adopting highway service. The former has been tried fre-

quently—usually with poor results. The latter is occasionally successful

but Is more frequently resorted to as a method of reducing expense; it

will be described later.

In order to reduce expense, consideration should be given to the

substitution of mixed trains for passenger and freight trains; substitution
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of rail motor cars or highway motor coaches for unprofitable passenger

train service ; use of trucks for l.c.l. freight service ; elimination of pas-

senger service that is frequently maintained after the necessity for it has

disappeared; operation of freight trains less frequently—semi-weekly or

weekly service will sometimes suffice; substitution of non-agency for

agency stations ; lengthening of blocks or installation of unattended block

stations ; substitution of automatic crossing signals for watchmen ; combi-

nation of parallel carriers to the advantage of each; substitution of joint

facilities for separate facilities at junctions, terminals or intermediate

stations ; and many other economies that may occur to committee members

of broad experience more readily than to the local officer who perhaps has

been too close to the local situation to get the right viewpoint, or too busy

with the main line portion of his division to give adequate thought to his

branches.

Rail Motor Car Operation

Some of these economies will be considered in detail. Passenger

service by rail is expensive. The out-of-pocket cost of branch line service,

including depreciation but excluding interest, maintenance of way expenses

and all transportation expenses not directly connected with the train

movement, is variously estimated at from ninety cents to $1.25 per train

mile. Often the engine and train crews are paid on the basis of a min-

imum day or month, so that on a short branch the wage per mile is high

unless the run is combined with service on the main line. A year or two

ago it was generally considered that when the freight movement required

the maintenance of the rail line, the use of a rail motor car propelled by

a gas engine, a steam power plant or some other self-contained power

unit, would solve the passenger problem. At present there is reason to

doubt the wisdom of that statement. The operation of rail motor cars

may cost less than steam train service and in some cases substantial

savings may be made, but it is true, however, that in many cases they

prove to be merely temporary expedients.

Three items of expense in the operation of rail motor cars are out-

standing : overhead, labor and fuel. The overhead, including interest and

depreciation, is high because of the great initial cost ; some rail motor cars

cost more than four times as much as a 29-seat parlor motor coach. Such

a car must be put on a run of 200 miles or more daily if the overhead cost

is to be kept within bounds. Labor is high on account of peculiar condi-

tions in the railroad field that must be met ; this refers not only to the

high wage of the individual employee, but also to the number of employees

necessary to man one of these cars. Generally the wage of the fireman

is the only labor-saving compared with steam operation. Fuel cost is

high because of the small mileage secured from a gallon of gasoline; this

figure varies from four miles on small cars to 1 J/2 miles on large cars

with trailers. Where coal is cheap the fuel cost on a rail motor car may
even exceed the cost of coal for the operation of a steam train with sim-

ilar capacit>'. There is, on the other hniul, :i mihstantial saving in the cost

of maintaining motive power.
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Motor Coach Operation

Motor coaches can be purchased, maintained and operated so cheaply

that their use should be given first consideration. There are, however,

places where the substitution of motor coaches for rail service is imprac-

ticable, either on account of poor location or condition of highways or

because of the necessity for handling passengers, baggage and express in

excess of the capacity of a reasonable number of motor coaches or trucks.

In such cases the use of a rail motor car should be considered, as it will

save the wage of one or two employees and will eliminate a large part of

the cost of repairs to motive power. Estimates should be made and sav-

ings developed for each individual case. Costs per mile vary so greatly

with conditions that average figures have little value, but it may be said

that out-of-pocket costs including depreciation and interest on the depre-

ciated investment will be for the rail motor car about one-half to two-

thirds of the cost of steam train service, and for motor coaches about one-

quarter to one-third of the steam service.

There are many advantages to be gained by using motor coaches for

passenger transportation, either as a substitute for existing rail service or

for developing new territory. The original investment or first cost is

low ; it need not exceed $300 per seat for one of the parlor or "de luxe"

type buses and less than that for the plainer city type or "pay-enter"

buses. When it is considered that this includes the power plant the

economy in comparison with rail motor cars and steel passenger coaches

is apparent. The operating cost is low ; seven or eight passengers at 3.6

cents per mile is a paying load and that is only one-fourth of the capacity.

Frequently the standard of track maintenance may be reduced when pas-

senger service is transferred to the highway and further saving made
thereby. In new territory the cost of buying right-of-way, building

roadbed, tracks and bridges and maintaining these facilities, is saved by
motor coach operation, and if the venture is not successful the salvage is

nearly 100 per cent compared with about 5 per cent for a rail line. Flex-

ibility is a great factor in motor coach operation. The route passes through

the center of the town, taking on and discharging passengers at convenient

points, while 'the rail station is often far from the business center or

destination of passengers. If the center of activity shifts the bus route

can meet the changed conditions overnight, while the rail line, because of

the cost of making line or terminal changes, is anchored in its original

location. Wages and working conditions in connection with branch line

operation are often burdensome to the carrier, fixed rules developed from
main line operation forcing compensation far beyond what is fair or what
may be considered the "market value" of the service rendered. Similar

conditions have not developed in motor coach operation.

From the standpoint of the public the motor coach is superior to train

service for journeys of moderate length. Service is usually more frequent,

and in summer when windows are open for ventilation highway service is

cleaner than rail service. This is a result of the rapid increase in the

mileage of concrete and other hard-surfaced roads. Where the roads are

good, speed is satisfactory; most bus schedules provide an average speed
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of about 25 miles per hour, and considering the lime saved at the beginning

and the end of the journey through "store-door" pick-up and delivery, the

comparison with the average branch line train service is good.

Occasionally communities will object to the substitution of passenger

service on the highways for rail service, thinking that the loss of train

service involves a loss of prestige. This sentimental argument may be

offset by pointing out that passenger train losses are threatening the exist-

ence of the rail line, and the new kind of passenger service may make such

savings that the branch line may be saved for the freight service, usually

more important to the community than the passenger service. Generally

the bus service is desired, as the public has been taught by the use of the

private automobile to prefer to "ride on rubber."

Many details of motor coach operation, such as the use of a subsid-

iary company, contract operation, interchangeable tickets, fares, speeds,

coordination with rail service, details of bus construction, report forms

and accounting systems, while interesting, cannot be covered in this report.

These details are being studied by another association known as the Rail-

road Motor Transport Conference. Those who are interested in this sub-

ject are referred to the reports of that association.

Motor Truck Operation

The use of motor trucks need not be considered so thoroughly as the

use of buses. It is seldom that trucks can be used to produce economies

in branch line service, as they are not well adapted to the hauling of such

commodities as coal, sand, grain and other bulk freight over considerable

distances. They are most efficient in the handling of l.c.l. freight, and

since every branch line has a mixture of carload and l.c.l. business nothing

is gained by transferring a part of this service to the highway so long as

tracks and train crews must be maintained for the remainder. Trucks

may be used as an adjunct to bus operation for the handling of heavy bag-

gage and express when these items cannot be handled satisfactorily by

freight. The great field for the truck, however, is in terminal operation

and in main line congested territory, where the package local interferes seri-

ously with through passenger and freight service and in turn is so seri-

ously delayed that the cost exceeds that of trucking and the service is

inferior. The proper field for truck operation is also being studied in

complete detail by the Railroad Motor Transport Conference, to which
those interested are referred. Mention should also be made of the Society

of Automotive Engineers ; this society holds an annual meeting of its

transportation and service section, usually in November, to which railroad

officers interested are invited.

Railroads Using Highway Transportation

As a matter uf record, some of the railroads that have pioneered in

the use of highway transportation are here enumerated: Passenger trans-

portation—New \ork. New Haven & Hartford Railroad; Boston and
Maine Railroad; Great Northern Railway; Chicago & Alton Railroad;

Spokane, Portland and Seattle Railway ; Freight Transportation—Penn-
sylvania Railroad; New York Central Lines; Boston and Maine Railroad;

Lehigh Valley Railroad ; railroads in terminals in Cincinnati and St.

Louis.
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One O'f these roads has more than 200 motor coaches in operation;

another has 44 trucks covering 1064 route miles in addition to trucks used

at terminals. A complete survey has not been made, but it is known that

both trucks and buses are increasing rapidly in number and range of

operation.

Other Methods of Economizing

The possibility of economizing in branch line operation by the substi-

tution of rail motor cars, motor coaches and trucks for train service has

been considered in detail because of the comparative newness of these

transportation devices. Other economies mentioned earlier in this report

are not novel and have been exercised more or less rigidly on all roads.

Where a system, or even a division, has been prosperous, there may have

been a tendency to overlook a branch line loss because it was easily lost

in the profitable main line operation. It is, therefore, pertinent to remark

that before any attempt is made to secure permission to abandon an un-

profitable branch, a serious effort should be made to eliminate or reduce

the loss.

Frequently train service is supplied beyond the needs of the communi-

ties served. This applies to freight as well as passenger. The Interstate

Commerce Commission has recently taken jurisdiction over the supply of

freight service in interstate operations ; it is tho'Ught that this will relieve

the situation in states where local commissions have required service beyond

the willingness or ability of those served to pay for it. Semi-weekly or

tri-weekly rail service is far better for a community than the removal of

tracks and the trucking of low grade, bulk freight over any distance, how-

ever short. This applies especially tO' the owners of private sidetracks,

who receive and ship their freight without any trucking so long as the

tfack connection is maintained.

Station expense is also a fruitful source of economy. In addition to

the possible reduction in forces at stations that must be maintained, there

is the possibility of substituting non-agency stations. With improvement

in communication facilities in country districts and the widespread use of

car and truck the necessity for maintaining agencies every three or four

miles no longer exists. Some roads have adopted traveling agencies, offices

being kept open for only a part of a day. Some opposition may be raised

tO' fewer agencies, but as compared with no rail service at all there is no

doubt as to which is least objectionable. The record in one abandonment

case discloses a shipper who urged the abandonment of an agency; he did

not care how far he had tO' go to pay his freight bill or transact other

railroad business, but he wanted the track to remain.

Reasons for Retaining a Losing Branch

After having made all possible economies there may still be a sub-

stantial net loss, but before deciding to request permission for abandon-

ment several factors must be considered. They are

:

(1) Strategic value; will the abandoned right-of-way O'fifer a good
opportunity for a competitor to obtain access to territory now
controlled by the carrier?
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(2) Emergency value; as a temporary detour route does the line

have a value sufficient to justify the operating loss?

(3) Relief value ; in case of growth of main line traffic will the

branch line (if double-connected) eliminate or postpone heavy
expenditure for additional main line facilities?

(4) Feeder value; does the branch originate (or terminate) sufficient

profitable main line traffic to- justify its retention?

(5) Future value; are there indications that developments yet to come
make it advisable to absorb present losses in the hope of future

profits ?

The last two factors are all that need be considered here. Future value

can be estimated best by traffic officers. A survey of natural resources,

acres of uncut timberland, coal reserves, etc., should be made. Charts

showing growth in population, tonnage handled, station receipts and other

significant items for ten or more yeafs will be valuable for estimating

future prospects. Abnormal tonnage and revenue resulting from inbound

shipments of material for highway construction should be eliminated as

not indicative of normal business ; in fact increases in this kind of traffic

usually forecast a permanent loss of business.

Feeder Value

The determination of feeder value is the most important and most

difficult of all the factors that must be considered. It is true that traffic

originating or terminating on the branch, but not local to the branch, has

a value to the system depending on (1) its nature—whether it carries rates

that are more or less profitable than the average, and (2) whether it will

be lost if the branch is abandoned. That part of the traffic that will move

over, the carrier's main line in any event may be disregarded so far as

the carrier's own investigation is concerned. The remainder, assuming that

it is a profitable traffic, has a value to the main line that is not easily

determined. It lies somewhere between two extremes. One of these is

illustrated by the carrier's witness at an abandonment hearing who insists

that after having divided gross revenue between the main line and the

branch on a mileage prorate, the main line profit is equal to its portion of

the gross multiplied by one minus the operating ratio of the system. The

other extreme is illustrated by the protestant's witness who claims that the

main line profit is equal to its portion of the gross, as the tracks have

to be maintained and trains run in any event.

The first method is not fair to the branch because a mileage prorate

of the revenue does not distribute it in proportion to the costs, including

terminal charges, of handling the business. But even though a more equit-

able distribution of the gross revenue were made, the net revenue on the

main line is considerably more than the gross times one minus the operat-

ing ratio. As demonstrated in previous reports, only about one-third of

maintenance of way expenditures vary with the volume of traffic ; some

maintenance of equipment and transportation charges are independent of

the amount of business handled, and overhead charges to a large extent

are not affected. With a system operating ratio of 75 per cent, it would

be absurd to say that the main line's profit was only 25 per cent of its
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gross, however that might be figured ; and it would be worse to say that

it was all profit. Possibly forty tO' fifty per cent would be a fair operating

ratio- to use for rough figuring, but for dependable values each case must

be worked out for itself. Reference is made to a previous report of

this committee entitled : "Methods for Analyzing Costs for the Solution

of Special Problems," published in Volume 25 of the Proceedings, pages

713 to 733, inclusive.

In an abandonment hearing if it can be shown that all of the main

line revenue from shipments moving to and from the branch is necessary

tO' meet the loss on the branch, permission for abandonment is usually

granted. Or if it can be shown that the traffic from the branch has to

be moved over the main line with an operating ratio as low as one-half

the ratio for the system in order to- provide net revenue sufficient tO' cancel

the loss on the branch, the desired permission will probably be received.

In either case the branch has not sufficient feeder value to justify its

continued operation. All of the traffic should be included in presenting

these figures to the Commission, although testimony concerning the car-

rier's estimate of the traffic that will move over the main line, even though

the branch is abandoned, may be submitted.

Law Regarding Abandonment

After all O'f the factors enumerated have received consideration and

there appears to be no legitimate excuse for retaining the branch, the

necessary steps for abandonment should be taken. This is the carrier's

duty to the public in general as well as the management's duty to its stock-

holders. Efficient management, prescribed by the Transportation Act, re-

quires that these unprofitable branches, once called feeders, but now in fact

"bleeders," be done away with. Reference has already been made to Sec-

tion 18 of the Interstate Commerce Act, as amended by the Transportation

Act, 1920. In addition tO' this many of the state laws also' provide that

authority must be obtained from the Public Service Commission, or similar

body, of the state in question before any line of railroad may be abandoned

in whole or in part, but because of the variety of such provisions, as well

as the interpr'etation of the state laws by the courts, it is not feasible here

to deal with these state laws in any detail ; reference should be had tO' the

law of the particular state in question before any line of railroad is

abandoned in whole or in part.

Ordinarily the order oi the Interstate Commerce Commission is ap-

plicable only to the abandonment of interstate operation, whether it be

operation between two or more states, or operation of interstate traffic

wholly within one state. Then likewise the State Commission's order is

confined to the abandonment only of intrastate operations within the state

in question. It is, therefore, usually necessary in those states where the

state law requires the permission of the state authority before abandon-

ment, to secure a certificate of authority to abandon from both the Inter-

state Commerce Commission and the State Commission. In certain cases,

however, the authority of the Interstate Commerce Commission alone is
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sufficient. In the case of State of Colorado versus United States, 46

Supreme Court Reporter 452, it was held essentially that the Interstate

Commerce Commission may authorize the abandonment of a branch line

of railroad as to both state and interstate commerce where the convenience

and necessity of the public as a whole requires such abandonment; for

example, where the continued operation of a branch line of railroad in

intrastate commerce would jeopardize the operation of the railroad as a

whole as to its interstate duties.

Application for abandonment should be filed in the prescribed form

with the Interstate Commerce Commission. Sufficient copies must be filed

so that the Commission may send copies to the Governor and the Public

Service Commission of each state in which any part of the road sought

to be abandoned is situated. In addition, the carrier is required in certain

states to file an application directly with state officers. The carrier then

prepares answers to a questionnaire sent out by the Commission ; copies

of these returns are also forwarded to the state officers. Date and place

for a hearing are then fixed ; unless the abandonment is of unusual impor-

tance the Interstate Commerce Commission asks the state commission to

act for it, although a Federal examiner usually assists in taking testimony.

The state commission then returns to the Interstate Commerce Commission

the application with a copy of the record in the case and its recommenda-

tion. After due deliberation decisions are handed down by the Interstate

Commerce Commission and by the state commission if it has authority

to act. Nearly always they are in accord. In case of disagreement tlie

Interstate Commerce Commission, as stated above, may authorize abandon-

ment where the convenience and necessity of the public as a whole require

it, regardless of the action of the state commission.

Preparation of Case

The importance of thorough preparation of the case by those in charge

for the carrier should be stressed, especially if it is thought that there

will be organized opposition. If possible all railroad witnesses should

make a trip over the branch in order that local conditions may be thor-

oughly understood. Local officers should accompany system officers on this

trip and should also assist in preparing the case and presenting testimony.

The cost of this procedure from the beginning of the accounting analysis

until the final order is entered is considerable ; in addition to the direct

costs there are many items of indirect costs that do not appear on the

surface, besides a certain amount of bad feeling and adverse public senti-

ment that are always aroused when the loss of a facility that has been

enjoyed for a long time is threatened. Therefore no abandonment pro-

ceeding should be started unless there is every evidence of a successful

outcome.

Railroad witnesses should be prepared to explain as well as possible

tlie reason for unprofitable operation. If the line was built for competitive

purposes that fact should be brought out as it reinforces the carrier's argu-

ment that there is no need for retaining it. If it was built solely to develop

natural resources, such as coalfields or timberland, and these sources of
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traffic have disappeared, stress should be laid upon that fact. If traffic

has fallen oft" because those formerly served are now using competing

facilities, a statement to that effect should be put into the record. Protest-

ants' witnesses often travel to the place of hearing by bus instead of using

the branch line they wish retained, or divert much of their freight in

good weather to the highway ; these openings can be used to great advan-

tage. If industries that formerly furnished the greater part of the traffic

on the branch have moved away, if production is declining, if the pop-

ulation has shown no increase in twenty or thirty years—all these facts

should be brought out as reasons for unprofitable operation.

Attitude of Commissions Toward Abandonments

As an indication of the attitude of state and Federal commissions

toward abandonment proceedings, the following statement by the Interstate

Commerce Commission is submitted

:

"From the enactment of Transportation Act, 1920, to Febru-
ary 18, 1926, the number of applications for abandonment acted

on was 190. Of these, nine were dismissed by the Commission
for want of jurisdiction; eleven were denied; 170 were granted.

Of these 170, only six were granted contrary to the recommenda-
tion of the state authorities. Of the 47 cases in which state

authorities made specific recommendations, the Commission acted

in 38 in accordance therewith. In two cases in which the state

recommended postponement, the Commission denied the applica-

tion. In one, in which the state recommended denial of the

application, the Commission postponed decision pending the result

of operation during a test period."

The fact that an unprofitable branch may be a part of a large and

prosperous system does not, of itself, prevent the Interstate Commerce
Commission from authorizing abandonment, although there is no question

that such a branch is not a serious burden on the interstate operations

of the carriers. On the other hand, if an unprofitable branch is part of

an essential but unprofitable system, the branch loss, however small, is a

burden on interstate commerce, and the Commission will more readily

grant permission for abandonment. In one case the Commission said

:

"The recent trend of the applicant's total system earnings indicates that

the necessity for discontinuance of unprofitable branch lines is not so

urgent as was at first alleged by the applicant." This indicates that where

close decisions have to be made the prosperity of the carrier is considered.

In another case the Commission said : "It should not be held that the

mere fact that a branch line of railroad does not yield a profit from

operation will in every case justify its abandonment. On the other hand,

there is no doubt a point at which lack of earning power will justify

the abandonment of a portion of a system regardless of the prosperity

of the system as a whole. The point at which abandonment shall be

considered justifiable is a matter of sound judgment, and must be deter-

mined by the circumstances of each case." In still another case the Com-
mission said: "While the system income is a fact to be considered in

connection with all other relevant matters, it is not, in itself, of controlling
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importance. ... In our opinion the applicant should not be required to

continue indefinitely the operation of a branch line which will not pay

the cost of operation, maintenance, and taxes, on the theory that its

system as a whole is operated at a profit."

Wholesale versus Retail Abandonments

Occasionally a carrier will have many unprofitable branch lines that

it would like to abandon and a decision must be made as to the advis-

ability of grouping the cases or handling them one at a time. There are

arguments for and against each method. The wholesale method will

arouse a great deal of antagonism and result in organized opposition.

It serves, however, to focus attention on the seriousness of the situation

to the carrier. While it puts a "peak load" on the legal, accounting and

engineering departments and may result in a less thorough preparation of

an individual case than is desired, it also scatters the fife of the opposi-

tion, which is likely to center its attention on the more important branches

and allow the others to go through unopposed. This subject deserves

considerable thought before a mode of procedure is adopted.

Meeting the Situation

Unprofitable branch lines existed before the era of hard surfaced

roads and motor transportation and to a limited extent abandonments

were made—-without, of course, all of the routine that has been made
necessary in recent years. It is true, however, that the advent of motor
transportation, both passenger and freight, on improved highways has

had a great deal to do with increasing the number of losing branches and

the degree of loss. The situation must be met, either by using these new
transportation facilities where they should be used and by discouraging

their use elsewhere, or by surrendering to the competitor and salvaging

what remains of a -formerly profitable business. Each case must be

determined on its merits. Only general rules have been laid down in

this report, although suggestions have been made that may be of value

in particular cases.

Interstate and Intrastate Regulation

Regulation of interstate commerce over the highway does not exist;

it is needed and will soon be provided by proper legislation. As to intra-

state commerce, about three- fourths of the states have passed legislation

that delegates to the state commissions the regulation of motor truck

traffic. Intrastate passenger traffic by motor is regulated in half of the

states. Decisions of state commissions, however, are not always upheld

by the courts, who arc adopting more liberal views toward existing car-

riers by rail; this is evidenced by a recent decision of the Supreme Court

of Illinois from which the following is quoted : "The method of regula-

tion of public utilities now in force in Illinois is based on the theory of

a regulated monopoly rather than competition; and before one utility is

permitted to take the business of another already in the field, it is but

a matter of fairness and justice that it be shown that the new utility is

in a position to render better service to the public than the one already
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in the field. It is in accord with justice and sound business economy

that the utility already in the field be given an opportunity to furnish

the required service. . . . The power of the state to regulate a utility

carries with it the power to protect such utility against indiscriminate

competition, and such power should be exercised to that end. . . . Appel-

lants have stated that they are willing and able to give such service, and

it appears clear that the commission is not justified in granting a certificate

of convenience and necessity to a competing line until the utility in the

field has had an opportunity to demonstrate the truth of its statement

and to give the required service."

Advantages of Highway Transportation

There are many advantages in the use of highway transportation that

railroad operators should not overlook. A motor operator summarized

them in a recent Interstate Commerce Commission hearing as follows

:

(1) All other things being equal, the public will oatronize that trans-

portation that is most accessible to their hand.

(2) The public in its wide ownership of private cars has developed

a liking for motor travel on the highways.

(3) Motor transportation can go where rail lines cannot go on account

of grades and alinement.

(4) They further localize interurban electric railway service, as the

latter did the steam railway service.

(5) The service is mobile, can be expanded and contracted at will.

(6) It gives every passenger a seat.

(7) It permits small stores and shop keepers in outlying districts to

carry less stock on their shelves.

(8) It permits almost immediate installation of service, when and

where needed.

(9) It has reduced losses sustained by shippers on many perishable

commodities.

As proof that motor transportation is fundamentally right he cited

the tremendous growth it has enjoyed in the last ten years.

The Public Will Decide

The right of the public to determine for itself the means it will use

for traveling and shipping is well recognized by the Interstate Commerce

Commission; the following is taken from a recent decision: "Applications

for abandonment of steam-railway operation appear to be only one of

the many indications of disturbance resulting from the advent of the auto-

mobile and other industrial forces. The steam railroad is laboring under

conditions which resemble in certain respects those encountered by the

stage coach when the steam railroad came into the field. It will be

admitted that people are entitled to the best and cheapest transportation

they can get, and that they themselves must decide what is best and what

is cheapest, all things considered. If people prefer to tax themselves to

build great highways and to use commercial trucks and passenger vehicles

in preference to the steam railroad, they have a right to their decision,

but they must also assume the responsibilities, with the attendant conse-

quences, of that decision."
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Conclusion

As a result of all this strife, present and proposed regulation, fair

and unfair competition, and the failure of the general public to figure

accurately the cost of transportation that is provided partly by taxation,

the railroad engineer has before him many new problems in the economics

of branch line operation, the solution of which will require the highest

analytical skill and a knowledge of virtually every branch of railroad

business, including the fast-growing portion that moves over the highway.

Exhibit A

INCOME STATEMENT AND NET PROFIT (OR LOSS)

Freight Revenue

Freight revenue is usually one of the most important and most dif-

ficult items that has to be determined in analyzing the operation of a

branch line. If the branch under review is an accounting division of the

carrier, and has its own revenues and expenses, the problem is simplified,

but as this seldom happens it will be assumed that this information is not

available. Revenue on shipments local to the branch can be secured from

analysis of the waybills, but on shipments destined to or coming from

points off the branch an arbitrary distribution must be made. The use of

a mileage prorate is recommended, although this may have to be modified

later. In the case of a double-connected branch a separate record should

be kept of revenue derived from traffic that neither originates nor termi-

nates on the branch. In the event that abandonment is desired this traffic

may be handled over another route at no greater expense, but if there

should be greater expense the increase should be debited against the savings

resulting from abandonment.. On interline business the amounts allowed

foreign roads for their portion of the haul should not be overlooked.

While the mileage prorate of freight revenue should be used as the

basis of these computations, it should not be overlooked that this method

is sometimes unfair to the branch, which is charged with more than its

share of terminal expense in proportion to the line haul. Some roads, in

their distribution of revenue among accounting divisions, make an arbitrary

mileage allowance for this terminal expense. If this method is not adopted

it is advisable to ascertain how the branch revenue will be affected by

considering it an independent line and allocating to it a portion of the

through revenue on the basis of the division accorded to the most favored

independent line under similar circumstances. If a substantial deficit results

after computing branch revenue by a liberal method and branch expenses

conservatively, a good argument in favor of abandonment is available.

The analysis of all waybills for a five-year period to determine branch

and system revenue is so great a task that for a preliminary investigation

representative months should be selected and annual figures based on these

months. Information abstracted should be so set up that it may be utilized

in connection with the more elaborate analysis required by the Interstate
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Commerce Commission if permission to abandon the branch is desired.

Reasonable short cuts are allowed by the Commission; in one case actual

ton miles on the branch during the period under review was converted

into branch revenue by multiplying by the revenue per ton mile on the

same line ten years before, adjusted by general freight rate increases

(Finance Docket No. 4360).

Incidental freight revenues, such as switching, storage and demurrage,

should be estimated from the best information at hand. Usually these

items produce so little revenue that a relatively large error will have little

effect on the final answer.

Passenger Revenue

Passenger revenue may be an important item, but usually it is

not difficult to secure a close estimate. Some roads prepare currently

a statement of passenger train earnings for each train operated. Others

keep a record of the number of revenue passengers on each train and

at stated intervals make an accurate survey of the passenger revenue of

each train, from which the average revenue per passenger is obtained and

used until the next survey. Any method that is sufficiently accurate for

the current compilation of data for Interstate Commerce Commission

reports will answer as a basis for estimating branch passenger revenue.

System revenue derived from passenger traffic to or from points

on the branch is difficult to obtain, and usually it is imnecessary. The
elimination of branch line freight service may divert traffic from the main

line to anether road, to the highway or even cause it to "dry up," but the

elimination of passenger service on the branch will have little if any effect

on main line passenger revenue. In other words, the feeder value of the

branch may usually be disregarded so far as passenger revenue is con-

cerned. In certain cases, such as a branch of considerable length serving

a summer resort, with the greater part of its revenue derived from excur-

sion traffic, the system portion of passenger revenue derived from business

to and from points on the branch may be of sufficient importance to

justify the difficult task of obtaining a good estimate of it.

Other passenger train revenue, such as mail, express, milk, excess

baggage, newspapers, etc., should be estimated from the best information

at hand. Occasionally mail or express revenue may be of major impor-

tance, in which case a careful analysis should be made. A close estimate

of express revenue can be obtained only by an analysis of express way-

bills by the Express Company, a tedious and expensive task.

Operating Expenses

Operating expenses by primary and general accounts should be ob-

tained for not less than two years and, in the case of maintenance of way,

an average of less than five years may be misleading. Wherever possible,

actual figures should be obtained, such as the cost of ties, rail and ballast

and the labor of applying. Some items, such as superintendence, insurance,

stationery and printing and other expenses, will have to be prorated from

operating division charges ; in this case thought should be given to the
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basis of prorate and the most logical method- used, such as tlie relation of

directly assigned charges on the branch to similar charges on the division

or equated track mileage on branch and division.

Maintenance of Way
The fact that a branch is unprofitable usually results in deferred main-

tenance and sub-normal maintenance of way charges for a long period prior

to the atialysis. The actual charges, including prorate of indirect charges,

may be so out of line as to make necessarj- the use of an estimate of what

normal maintenance would cost if provided. This may be obtained by the

use of actual figures from a similar branch normally maintained, or, for

roadway and track items, a prorate of system expenditures on an equated

track mileage basis. In any case such a computation as this may be valuable

in checking actual charges, especially if protestants at an abandonment

hearing claim these charges are excessive.

Maintenance of Equipment

Only a small portion of maintenance of equipment charges can be

obtained without proration. Seldom is it possible to secure the actual cost

of maintaining the particular engines or passenger cars used on a branch,

and for freight cars it is, of course, out of the question. There are so

many different methods of equipment accounting, by pooling charges for

an entire system, or for a district or a separate ownership, that details of

proration cannot be described here. Warning should be given, however,

that results produced by any formula should be examined from a common-
sense point of view, and the analyst should neither mislead his superior,

nor lay himself open to criticism from the protestants at an abandonment

hearing, by using figures that will not stand the test of reason. For

example, if the carrier does not record the cost of locomotive repairs by

locomotive classes, an arithmetical average cannot be used if the branch

locomotive is smaller than the average of all locomotives. The weight of

the locomotive and miles run should be considered, so that locomotive ton-

miles or tractive power pound-miles is a better basis for proration. Similar-

ly, passenger car repairs should not be based on cars or car-miles unless

the standard of maintenance of the branch line cars under review is sub-

stantially the same as the system average ; usually it is much lower.

Freight car-miles is a good basis for determining the charges for

freight car repairs and depreciation. This item is intimately related to

charges for hire of foreign equipment and care must be exercised to avoid

duplication in these items.

Transportation

Transportation charges to a varying extent can be obtained with-

out estimating. While the wages of station employees is an actual

figure, crew wages may or may not be, depending on crew runs. If

branch crews run on the main line or on other branches, a distribution

of their wages must be made. For the purpose of the report to the

Commission a prorate on the basis of train mileage will be satisfactory,
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but for the purpose of determining whether or not it is advisable tO' ask

for permission to abandon it may be better to determine the savings that

may be made through abandonment by comparing crew wages for the

entire district at present and as they would be after rearrangement of

crew runs. Fuel, water, other locomotive supplies and enginehouse expenses

may be distributed on a locomotive mile or locomotive ton-mile basis, the

latter being preferable if there is a considerable variation in size of loco-

motives. The cost of dispatching may be distributed on a train-mile basis.

Stationery and printing and station supplies and expenses should be allocated

on the basis of wages of station employees, and general items, such as

superintendence, insurance and other expenses should be distributed on the

basis of the total of all other accounts.

Overhead and Miscellaneous

The proper method of handling overhead charges to these three general

accounts should be considered. These charges originate in division, district

and system offices. For the purpose of the report to the management,

district and system overhead should be omitted as no portion will be saved

if the branch is abandoned; division overhead is closer to the branch and

may be somewhat affected by branch operation, but it should be computed

conservatively and stated separately in the report. In reporting. tO' the

Commission, reasonable charges for overhead should be included in operat-

ing expenses, especially if more than a mileage prorate of revenue is

allocated to the branch.

Charges to the general accounts, Traffic Expenses and General Ex-

penses, are in the nature of overhead charges, and are so far removed from

branch operation that they should be disregarded. An abandonment case

is strengthened by omitting items such as these that would be affected

little if any by abandonment; if the net loss is so small that the inclusion

of these minor items would have any appreciable effect on it, abandonment

is probably not the best way out.

Taxes and Hire of Equipment

Railway, tax accruals and hire of equipment charges are legitimate

items that should be deducted from net revenue (or deficit) to determine

net income (or loss). Taxes should be actual as far as possible and pro-

rated on an equitable basis when actual figures are not available. The basis

for taxation varies so much in different states that it is impracticable to

consider here details of estimating branch line proportion. Hire of equip-

ment charges should be obtained by determining the number of days foreign

cars are on the branch and multiplying the total foreign car-days by the

current charge per car-day, at present $1.00. If this is too big a task,

a reasonably close approximation may be secured by analyzing car records

for a representative period in each year and adjusting the result to a

full year on the basis of total home and foreign car-days, tonnage handled,

or elapsed time. This method may or may not indicate the saving in this

item of expense that would result if the branch were abandoned, as oper-

ating methods in each particular case will affect the result; for example.
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on a short branch foreign car-days may actually not be increased by placing

a car for unloading at the branch terminal rather than at the junction

point, but the method suggested would charge branch operation with one

or more car-days. Results can be more easily obtained by prorating the

hire of equipment net debit (or credit) for the system on a ton-mile, car-

mile or car-day basis, but the answer obtained by this method may be

greatly different from the true figure. If the net loss on the branch is

large, it may be good policy in an abandonment hearing to omit the hire

of equipment charge rather than arouse criticism by making an approxi-

mate estimate of this item.

Charge for Use of Owned Cars and Locomotives

Inasmuch as a freight car is worth so much a day, regardless of owner-

ship, a short-cut method for taking care of repairs, depreciation, retire-

ments, hire of equipment and interest on investment is to multiply the

total car-days on the branch by a comprehensive rate covering all of these

items, possibly $1.00, the American Railway Association's estimate of the

cost of owning and maintaining the average freight car, or this rate ad-

justed to actual costs on any particular road. This would cover the cost

of repairing user's defects and all other items that were charged to the

accounts mentioned at the time the per diem rate was fixed. The fact that

this computation includes interest on the investment in the carrier's freight

cars should not debar it, as the elimination of the branch and its traffic

would make this equipment available for use elsewhere on the system, thus

reducing the number of new freight cars to be purchased and the invest-

ment therein. It is true that there are usually surplus cars available, but

as this normal surplus has a more or less definite relationship to the amount

of business handled annually throughout a business cycle, the release of

cars from branch service has its effect on this surplus and the number

of replacements to be made annually ; and there are times when a car is

worth far more than the interest on its cost. The use of this short-cut

method is recommended when prompt results are desired and approximate

figures throughout the computation are being used; it is not recommended

for use in abandonment hearings before the Interstate Commerce Com-
mission, as there is no evidence that the Commission would approve it.

For the reasons given in the preceding paragraph some allowance

should be made for the value of locomotives and passenger cars used on

the branch, and for the freight cars if this has not been taken care of in

the computation for hire of equipment. It is assumed, of course, that this

equipment is usable, and could be put to work elsewhere on the system.

If it is obsolete, and presumably fully depreciated on the carrier's books,

it should be treated as scrap. It is admitted by the Interstate Commerce
Commission that a carrier should earn a fair return on at least the scrap

value of the unprofitable branch under review, that is, interest on the net

salvage from the dismantling of tracks, bridges, buildings and right-of-

way, and if it does not, the burden of proof is on the opposition to show

why the line should not be junked. By the same reasoning, the carrier
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should be allowed tc earn also a fair return on at least the depreciated

value of the equipment required in branch operation, which is equivalent

to saying that in computing net income (or loss) this interest should be

included as an item of expense. If interest on the salvage value of equip-

ment and fixed property is not included in expenses, then the net income

should at least equal this interest.

Salvage on Fixed Property

Salvage on fixed property is usually small, and after allowing for the

cost of dismantling seldom exceeds $2,000 per mile of single track. It will

vary with the weight and condition of rail and fastenings, number and

capacity of steel bridges, amount and nature of the occupancy of the right-

of-way and its value to adjacent landowners, and many other items. Small

though it may be, a reasonably close estimate of the net salvage should

be made. The inability to earn interest on this amount, however, is

seldom a controlling feature in an abandonment case.

Fixed Charges

If an unprofitable branch is a line of railroad under lease, the aban-

donment of operation by the lessee would not relieve it from the payment

of rental. In some instances the amount of rental is measured by a sum

sufficient to enable the lessor to pay interest on its bonded indebtedness

and a dividend on its stock. Consequently, while abandonment of operation

had been effected by the lessee, the bondholders and the stockholders would

continue to receive their interest and dividends. Therefore, despite the

fact that the payment of the rental would increase the net loss, it could

not be urged as an item that would be saved upon abandonment. This is

necessarily based on the assumption that the lease contains no provision for

cancellation, and that the courts would hold the lessee liable under its

contractual obligation to pay rental.

A somewhat similar circumstance would probably prevail if an un-

profitable branch is a line of railroad formerly owned by a constituent

company, with an outstanding bonded indebtedness, in a consolidation or

merger. Pursuant tO' the laws under which the consolidation or merger

was effected,' or to the provisions of the agreement itself, the successor

or consolidated company, as owner of the combined properties, would ordi-

narily become liable for the debts of the constituent company, which would

include the payment of the principal and interest. The usual procedure is

for the stockholders of the constituent company to exchange their stock

for stock of the successor or consolidated company. Thus, the situation

would seem to be practically the same as that presented in a case where

an unprofitable branch is merely a portion of the originally acquired physical

properties of the company that desires to abandon. It could hardly be

urged that abandonment would relieve the applicant from a corresponding

portion of its contractual obligation to bondholders. In case of abandon-

ment each branch must, of course, be treated with due regard to the rights

of the bondholders and their remedies, under the terms of the mortgage

agreement or otherwise.
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To the American Raihvay Engineering Association:

Your Committee on Yards and Terminals submits the following reports

:

(1) Revision of Manual (Appendix A).

(2) Joint Operation of Passenger Terminals (Appendix B).

(3) Scales (Appendix C).

(4) Freight Yard Design, suggesting Economies in Operation

(Appendix D).

(5) Mechanical Means for Controlling or Retarding the Movement

of Cars in Hump Yards (Appendix E).

(6) Outline of work for ensuing year.

Action Recommended

1. That the report on Joint Operation of Passenger Terminals be

adopted and published in the Manual.

2. That the rei)ort on Scales be approved and published in the Manual.

3. That the report on Freight Yard Design be adopted and published

in the Manual.

4. That the report on Mechanical Means for Controlling or Retarding

the Movement of Cars in Hump Yards be accepted as information.

Recommendations for Future Work

1. Revision of Manual.

2. Passenger Terminals.

3. Freight Terminals

—

(a) Study and report on width of teamways for team yards,

freight houses, etc.
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4. Scales.

5. Hump Yards

—

(a) Profiles for Hump' Yards with Car Riders.

(b) Profiles for Hump Yards with Car Retarders.

6. Outline of work for ensuing year.

Respectfully submitted,

The Committee on Yards and Terminals,

J. R. W. Ambrose, Chairman.

Appendix A

(1) REVISION OF THE MANUAL

J. R. W. Ambrose, Chairman, Sub-Committee ; Committee as a Whole.

In view of the fact that a revised Manual is tO' be issued, your Com-

mittee has made a critical examination of the chapter on Yards and

Terminals in the current Manual, and presents a complete revision of the

matter as now included in the Manual and the various Supplements thereto.

The material has been divided into five general headings—Definitions,

Freight Terminals, Passenger Terminals, Scales, and Miscellaneous.

This revision has been dealt with by the respective Sub-Committees,

and their recommendations will be found in the respective reports.
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Appendix B

(2) JOINT OPERATION OF PASSENGER TERMINALS

H. L. Ripley, Chairman, Sub-Committee; J. R. W. Ambrose, J. G. Wishart,

Irving Anderson, H. M. Bassett, C. H. Blackman, E. H. Fritch, E. M.

Hastings, B. H. Mann, J. E. Saunders, J. L. Wilkes, J. E. Armstrong,

E. J. Beugler, J. D'Esposito, J. V. Hanna, R. A. C. Henry, C. H.

Mottier, C. H. Spencer.

In addition to its regular assignment your Committee has taken up the

question of definitions and the revision of Manual matter pertaining to

Passenger Terminals. The report is divided into four i>arts, namely :

—

(1) Definitions.

(2) Revision of Manual.
(3) Points to be considered in the consolidation and joint

use of a passenger terminal and in its development
and operation.

(4) Points to be covered in an agreement between com-
panies participating in a joint terminal project.

DEFINITIONS

Inasmuch as all definitions in the new Manual are to be assembled in

one glossary, your Committee has reviewed those pertaining to Passenger

Terminals and submit the following

:

Concourse—Passenger.—The area adjacent to and on the waiting-room

side of the train gates provided for the assembling and disbursal of

the traveling public.

—Traix.—An auxiliary area on the platform side of the train gates con-

necting the platforms.

Lobby.—An area around which ticket windows, parcel and baggage check-

ing windows, information booths and other facilities may be placed.

Passenger—Suburban or Commuter.—A short distance traveler rarely re-

quiring auxiliary and incidental service.

—Through.—The long distance traveler usually requiring auxiliary and

incidental service.

Platform—Baggage.—A station platform on which baggage, mail and

express only are handled.

—High.—A station platform at or near car floor elevation.

—Low.—A station platform at or near top of rail elevation.

—Passenger.—A station platform on which passenger business only is

handled.

—Station.—The prepared area adjacent to a station track for handling

passengers and baggage, mail, and express, to and from trains.

Ramp.—An inclined way connecting diflferent levels.

Station—Passenger—Combination.—One in which some of the station

tracks are connected at one end only and some of the tracks arc

connected at both ends.
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Station—
—Loop.—A form of through station in which the station track layout

embraces a loop or part of a circle, trains being moved in one direction

only and in the operation turned with reference to the station.

—Stub.—One in which the station tracks are connected at one end only.

—Through.—One in which the station tracks are connected at both ends.

Track—Station.—A track upon which trains are placed to receive or dis-

charge passengers, baggage, mail, and express.

—Throat.—One of the tracks connecting station and ladder tracks with

main tracks.

Waiting Room.—A room equipped with seats and other facilities to accom-

modate passengers waiting for departing or arriving trains.

Yard—Coach.—A yard in which passenger train cars are assembled, classi-

fied and/or prepared for service.

REVISION OF MANUAL

Your Committee has made a careful examination of the subject-matter

in the Manual and submits the following

:

The matter as it appears in the present Manual or the Supplements

thereto is shown in the left-hand column. The proposed form in the right-

hand column. Where changes are made, the matter is written out com-

pletely on both sides of the report, and where no' changes are made a

reference only is made to the volume, page, and paragraph in the Pro-

ceedings.

When paragraphs follow in sequence, this reference to the Volume and

number of the Proceedings is shown against the first paragraph on the

page only, and the word "ditto" with the paragraph number means the

same Volume and number as the notation above it.

If the Volume and number of the Proceedings do no follow in sequence,

reference to the old Volume is indicated.

Passenger Terminals

Present Fonn Proposed Form

Passenger Terminal Stations (1) In designing a passenger
Manual—1921—page 692 terminal it is imperative that pro-

(1) To' avoid excessive cost in vision be made for economical, effi-

providing terminal facilities largely cient and continuous operation dur-
in excess of ordinary requirements, ing the rush hour or period of
it is imperative that provision be greatest activity.

made for economical, efficient and
practically continuous operation of (2) The design of a passenger
the terminal during the periods of terminal should provide for antici-

greatest activity which may reason- pated demands during at least the

ably be expected within a period of, first twent}^ years of its life, and
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Present Form

say, twenty j'ears. To this end the

track layout must be designed to

permit incoming and outgoing move-
ments to be made at the same time
without interference, so far as it is

possible to arrange this.

Vol. 24—No. 255
Page 927 et seq.

Par. 2
No Change

Manual 1921—Page 692
(See quotation above)

Manual 1921—Page 692
(See quotation above)

Vol. 24—No. 255

Page 927 et seq.

Par. 4

No Change

Ditto
Par. 1.

Ditto

Par. 3.

Ditto

Par. 5.

Proposed Form

provision should be made for such
subsequent expansion as may be
reasonable under the circumstances.

(3) The number of station and
approach tracks required to handle

a given traffic depends on type of

station, location of coach and loco-

motive facilities, size of station,

length of station tracks, character of

traffic, design of throat, and method
of operation.

(4) The track layout should be

so designed as to permit the required

number of incoming and outgoing
movements to be made at one time

without interference, w^ith a proper

margin for delayed trains, with
crossovers so arranged that a derail-

ment will cause a minimum of delay.

(5) Sufficient throat tracks

should be provided to permit at least

two simultaneous parallel move-
ments. Flexibility sufficient to pro-

vide for complete interchange of

routes is desirable.

(A) Tr.^cks :

(6) A ratio of from 2.5 to 3
station tracks to one throat track
should be adequate if the throat is

properly designed.

(7) The through and loop
types of stations are superior to the

stub station from the standpoint of
train operation.

(8) For through passenger
train operation a stub terminal sta-

tion will accommodate on an aver-
age approximately two trains per
track per hour, and a through ter-

minal station between two and three
trains per track per hour.

(9) All stations should have a

sufficient number of long station

tracks to accommodate the longest

trains and, in order to assure flexi-

bility of operation, consideration
.should be given in the design of new
stations to the desirability of having
all tracks of a length sufficient to

accommodate the average length of

the longer trains.
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Present Form

Vol. 26—No. 274
Page 742 et seq.

Par. 16

No Change

Vol. 24—No. 255
Page 927 et seq.

Par. 11

No Change

Vol. 24—No. 255

Page 927 et seq.

Par. 8

Changed

There are many advantages to

the use of separate platforms for

trucking and for passengers, as sta-

tion operation is facilitated and pas-

sengers are saved the annoyance of

the trucking operations. It is very

probable that a station constructed

with separate platforms and a cor-

responding reduction in the number
of station tracks will have equal

capacity with a station in which
combination platforms are provided

and which occupies the same area,

due to the increased capacity per

track in the station with separate

platforms.

Vol 25—No. 263

Page 543 et seq.

Par. 1

No Change

Proposed Form

(10) Loop tracks for turning

trains, both in stub stations and in

the coach yard, speed up the service

and greatly increase capacity, espe-

cially for handling suburban busi-

ness, often at a minimum, of ex-

pense.

(11) A complete separation of

inbound and outbound traffic, par-

ticularly in large stations, is very

desirable, so that there will be no
conflict between lines of travel mov-
ing in opposite directions

;
provided

that the design permits of prompt
handling of passengers transferring

from one train to another.

(B) Platforms — Combined vs.

Separate
(12) There are many advan-

tages in the use of separate plat-

forms for trucking and for passen-

gers, as station operation is facili-

tated and passengers are saved the

annoyance of the trucking opera-
tions. It is very probable that a

station constructed with separate

platforms and a corresponding re-

duction in the number of station

tracks will have equal capacity with
a station which occupies the same
area in which combination platforms
are provided, due to the increased

capacity per track in the station with
separate platforms.

(13) In stub stations where
trains head into the station, there is

a maximum interference between
passengers and trucking operations.

Ditto

Par. 2

No Change

(14) If all trains are backed
into stub stations there is practically

no interference between passen-

gers and trucking operations. Un-
der these conditions combined pas-

senger and trucking platforms
should be installed.
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Present Form

Vol. 25—No. 263
Page 543 et seq.

Par. 3

Ditto

Par. 4

Ditto

Par. 5

Ditto

Par. 6

Ditto

Par. 7

No change except changing "to" to

"with" in the last line.

Proposed Form
(15) If all trains operate in

one direction through a station

(loop terminal operation) the ap-

proaches to and from the concourse

can be so located that there would
lie no interference between truck-

ing and passengers. Under these

conditions combined passenger and
trucking platforms should be in-

stalled.

(16) If the approaches to the

concourse in a through station are

located in the middle of the station

platforms and the station tracks are

of only sufficient length to accom-
modate single trains, there will be

interference between passengers

and trucking operations; but not to

the same extent as would occur in

a stub terminal where trains head
into the station.

(17) With baggage, mail and
express elevators located at the

outer ends of the platforms in a

through station, where the station

tracks are of sufficient length to

permit trains to proceed through
the station so that baggage, mail

and express cars can be spotted

opposite the elevators, and the pas-

senger coaches opposite the ap-

proaches to the concourse, there

will be practically no interference

between trucking operations and
passengers. With such an arrange-
ment and method of operation com-
bined passenger and trucking plat-

forms should be installed.

(18) In a through station, if

two trains are accommodated sim-

ultaneously on the same track

and trains operated through the

station in both directions, the in-

terference which results between
passengers and trucking operations

is practically the same as occurs in

a stub terminal, where trains head
into the station.

(19) Other things being equal,

the amount of interference between
trucking operations and passengers
on station platforms increases di-

rectly with the amount of passen-
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Present Form

Vol. 25—No. 263
Page 543 et seq.

Par. 8
No Change

Ditto
Par. 29

Ditto
Par. 32

No change except changing "to" to

"with" in second last line.

Ditto
Par. 33

No Change

Proposed Form
gers and baggage handled. The
amount of this traffic should, there-
fore, be taken into consideration in

determining the relative desirability

of separate passenger and trucking
platforms as compared with com-

bined platforms.

(20) Other things being equal,

it is more desirable to have separate
passenger and trucking platforms
where through and commuter serv-

ice are handled on the same plat-

forms.

(21) With a 7 ft. in. side

clearance and track centers 12 ft.

6 in. there is a saving in width of
right-of-way required for each pair

of station tracks of 1 ft. 6 in. (not
considering the width of column)
if columns are located on the plat-,

form instead of between tracks.

The columns do not increase re-

quired width of exclusive passenger
platforms more than the width of
the column, if it does not result in

restricting the space necessary for

a given number of lines of travel.

(22) The ratio of the required
widths of right-of-way for a given
number of station tracks with com-
bined passenger and trucking plat-

forms, as compared with exclusive

passenger and trucking platforms is

approximately 1.00 to 1.11.

(23) When the station capac-
ity is governed by the arriving rush
hour and the operation and design
of the station is such that serious

interference will result between
passengers and trucking, unless the

trucking operations are delayed a

period of three minutes to permit
the majority of the passengers to

leave the platform, separate truck-

ing and passenger platforms will

increase the capacity of a station

developed on a given right-of-way
over what it would be if combined
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Present Form
Par. 6

No Change

Vol. 25—No. 263
Page 543 et seq.

Par. 9

Ditto
Par. 30

Par. 31

No Change

Vol. 24—No. 255
Page 927 et seq.

Proposed Form
passenger and trucking platforms

were used. If the capacity of the

station is determined by the depart-

ing rush hour, the maximum capac-

ity is obtained by the use of com-
bined passenger and trucking plat-

forms. If the capacity of the

station is determined by a period

in which the number of arriving

and departing trains are equal, the

capacity is independent of the type

of platform used. If the time nec-

essary to delay trucking to avoid

interference with passengers is

more or less than three minutes, it

will correspondingly increase or de-

crease, respectively, the relative

advantages of the separate plat-

forms.

Platforms—Width and Height
(24) A 13 ft. exclusive pas-

senger platform is the minimum
width sufficient to accommodate the

passengers from one arriving train,

one line of travel for passengers

to a departing train and a row of

columns in the center of the plat-

form. A platform of sufficient

width to accommodate the passen-

gers from two trains arriving

simultaneously adjacent to the same
platform is not justifiable.

(25) Exclusive trucking plat-

forms should be of an adequate

width to permit two loaded trucks

to pass and should be free from
columns. A width of 11 ft. is rec-

ommended as a minimum for ex-

clusive trucking platforms.

(26) Combined passenger and
trucking platforms for normal con-

ditions, allowing space on the plat-

form for one loaded truck, should

be at least 18 ft. in width, assuming
a column located in the center of

the platform.

{,27) In terminal stations, or

in stations where a large number
of passengers must be handled
quickly, it is desirable to build the

station platforms at car floor level,
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Vol. 25—No. 263
Page 543 et seq.

Par. 23
No Change

Vol. 25—No. 263
Page 543 et seq.

Par. 15

Changed

Ramps are an ideal means of
handling passengers as an approach
to passenger platforms if they can
be installed so as not to increase
the distance traveled by passengers,
and do not decrease the space on
the station' platform available for
the accommodation of trains. This
can be accomplished in many cases
by the use of both stairs and ramps
in the approach to the platform.

Proposed Form
as the hazard and inconvenience re-
sulting from the use of car steps
are eliminated, and the handling of
passengers is expedited. It should
be stated, however, that the high
platforms interfere to some extent
with the switching and inspection of
equipment.

(C) Platforms — Approaches —
Location

(28) The location of the ap-
proaches to the concourse on the
station platforms in a through sta-

tion has a bearing on the required
capacity of the approach. If it is

located at the end of the platform
the concentration will be but one-
half as intense as if it is located at

the middle of the platform, al-

though the duration of the maxi-
mum intensity of congestion will

be much less in the latter case than
in the former. If a double approach
is located at the center, the intensity

of the concentration will be the
same as in the first case and the
duration of the maximum intensity
of congestion will be the same as
in the second case.

Ramps
(29) Ramps furnish ideal

means of handling passengers as an
approach to passenger platforms if

they can be so installed as not to
increase materially the distance
traveled by passengers, and do not
materially decrease the space on the
station platform available for the
accommodation of trains. Good
results can be accomplished in

many cases by the use of both
stairs and ramps in the approach
to the platform.

Vol. 25—No. 263
Page 543 et seq.

Par. 16
No Change

(30) The gradient for passen-
ger ramps should not exceed 10 per
cent. Ramps of this gradient have
a carrying capacity approximately
as follows

:

(a) Through passengers—15
per ft. of width per min.

(b) Suburban passengers—30
per ft. of width per min.
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Present form

From Manual—1921

Page 693—Par. 2
Changed

(2) At passenger terminals
where large quantities of baggage
and express must be handled, and
it does not appear expedient to pro-

vide intermediate platforms to be

used exclusively for this service, it

is recommended that (where condi-
tions permit), baggage and express
be received, delivered and handled
below the train floor ; and raised and
lowered by elevators, conveniently

located, to avoid interference with

the movement of passengers.

Vol. 25—No. 263
Page 543 et seq.

Par. 17

No Change

Ditto
Par. 18

Ditto
Par. 19

Ditto
Par. 20

Proposed Form

Elevators and Escalators
(31) Baggage elevators are

desirable at both ends of combined
passenger and trucking platforms in

large passenger stations to reduce

the interference between trucking

operations and passengers.

(Same as Vol. 25, No. 263, Page
543 et seq., Par. 10.)

Ditto
Par. 21

(32) Elevators or escalators

for heights less than 25 ft. are not
recommended as approaches to in-

dividual passenger platforms. They
may be desirable as a supplement to

stairs for the use of the aged and
invalids.

(33) If instead of one ele-

vator for each platform a battery

of elevators can be arranged in

sufficient number and approachable
from all tracks, as might be pos-
sible in a stub terminal, so that a

minimum amount of waiting will

be occasioned, their use might be
justified.

(34) A single elevator or
escalator should not be relied upon
as the sole means of approach to

a passenger platform.

(35) Escalators have a carry-
ing capacity of approximately thir-

ty-three (33) passengers per ft. of
width per min. They are well
adapted to suburban service, but
there is some question as to their

practicability for through passen-
ger service.

Stairs
(36) The carrying capacities

of stairs decreases with increase in

height. For a height of 20 ft. the
carrying capacities with traffic in

one direction are approximately as
follows

:
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Present Form

Vol. 25—No. 263
Page 543 et seq.

Par. 22
No Change

Ditto
Par. 24

Ditto
Par. 25

Ditto
Par. 26

Ditto
Par. 27

"t^itto

Par. 28

Proposed Form

(a) For through passengers

—

10 passengers per ft. of
width per min.

(b) For suburban passengers
—18 passengers per ft.

of width per min.

(37) In combined passenger
and trucking platforms in through
stations, it is desirable to have a

clearance of approximately 6 ft. on
one side of the stairs to permit
trucking operations past the stairs.

Trucking and Trucking Ramps
(38) High cost of labor justi-

fies the use of power-driven trucks
and tractors in connection with
trucking operations in large passen-
ger stations.

(39) Ramps are a very desir-

able means of providing vertical

transportation for trucking opera-
tions, if the design of the station

is such as to permit their installa-

tion without a material sacrifice in

space.

(40) A gradient of 6.5 per
cent is the steepest yet used to any
extent for trucking ramps in large

passenger stations. This gradient
should not be exceeded, though it

is possible that trucking ramps may
be operated successfully with maxi-
mum gradients of 8 per cent.

(41) In stub terminals where
separate passenger and trucking
platforms are used and the baggage,
mail and express facilities are

located below the tracks, the utili-

zation of the end of the exclusive
trucking platforms adjacent to the
concourse permits the installation of
trucking ramps without sacrifice of
space.

(42) The minimum clear
width which should be considered
for trucking ramps designed to ac-

commodate one line of traffic is 6
ft. and for two lines of traffic is

10 ft.
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Present Form

Vol. 24—No. 255
Page 927 et seq.

Par. 10

'so as" following "indicated'

omitted.

Ditto

Par. 14

Xo Change

Ditto

Par. 15

Vol. 26-Xo. 274
Page 742 et seq.

Par. 11

No Change

Vol. 24—No. 255
Page 927 et seq.

Par. 16

No Change

Ditto

Par. 17

Ditto

Par. 18

No Change

Proposed I-'onn

(D) Principal Facilities—Loca-
tion :

(43) The principal station fa-

cilities, such as information booths,

ticket office, baggage check counter,

parcel check room, etc., should be
located in proper sequence along
the line of travel and clearly indi-

cated, to avoid confusion and re-

duce the walking distance of pas-

sengers to a minimum.

Concourse
(44) A passenger concourse

is desirable and is used effectively

in many stations as an exit passage-
way which permits arriving passen-
gers to reach the street without
passing through the station.

(45) The required width of
passenger concourse depends upon
the character and amount of traffic

and the number of entrances and
exits from the concourse.

(46) The concourse should be

so arranged that it will not be a con-

venient thoroughfare for people

who are not passengers.

(47) A train concourse is ad-
vantageous, as it permits serving of
one station platform by several
train gates or conversely the serv-
ing of several platforms from one
train gate. In stub stations it per-
mits trucking from one platform to

another without entering the pas-
senger concourse. .

(48) A width of 20 ft. for a
train concourse is adequate if it is

not used extensively for trucking.

Waiting Room
(49) The waiting room should

be located to one side of the line of
travel, near the passenger con-
course, and be adequately equipped
with bulletin boards, clocks, and
other information devices, so that

passengers will be content to remain
in the waiting room and not un-
necessarily occupy the passenger
concourse.
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Vol. 25—No. 263
Page 543 et seq.

Par. 20

Vol. 26—No. 274
Page 742 et seq.

Par. 15

No Change

Ditto

Par. 15

Vol. 24—No. 255
Page 927 et seq.

Par. 21

No Change

Ditto
Par. 19

Ditto

Par. 22
No change except "percentage" in-

stead of "per cent."

Proposed Form
Ticket Office

(50) Ticket offices should be
located adjacent to the direct line

of travel, so arranged that passen-
gers waiting to secure tickets will

not interfere with the general flow
of traffic.

(51) Windows opening direct-

ly on to the concourse for the sale

of local tickets are desirable.

(52) Where a large number
of commutation tickets are issued

during the last two or three days
of the month, portable booths lo-

cated in the concourse may be de-

sirable.

Parcel Room
(53) The parcel check rooms

should be easily accessible for both
inbound and outbound passengers

and have facilities for handling
parcels quickly. Where the amount
of business justifies, separate coun-
ters should be provided for receiv-

ing*and delivering parcels.

Pay Toilets

(54) The practice of install-

ing pay toilets is increasing. They
are favorably considered where in-

stalled and are the source of a sub-
stantial revenue.

Cabs, Etc.

(55) The extent of cab facili-

ties depends on the size of the city,

character of taxicab service and
other means of local transporta-
tion. In cities where good taxicab
service is provided at a reasonable
rate an ever-increasing percentage

of passengers is using that service

as a means of reaching and leaving
the station.

(New)

Facilities should be available

for making change, so that there

need be no delay to taxicabs in un-

loading passengers and getting away
in case passengers do not have the

exact fare ready.
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Vol. 26—No. 274
Page 742 et seq.

Par. 14

No Change

Dillo

Par. 14

Ditto

Par. 14

Ditto

Par. 14

Vol. 24—No. 255
Page 927 et seq.

Par. 12

No Change

Proposed Form
Concessions

(56) Concessions for the sale

of commodities and the rendering

of service catering to the needs and
desires of the traveling public,

should be provided for the con-

venience of passengers.

(57) The number and char-

acter of these concessions can be

greatly expanded in terminals lo-

cated in cities of large size, with

benefit and profit to all concerned.

(58) Concessions, to be suc-

cessful, must be so located as to be

conspicuous and easy of access.

They must be neat and attractive

in appearance and well lighted, and
concessionaries should be experi-

enced, responsible, and progressive.

(59) Booths opening directly

on to ^the corridor where service is

rapid, appeal more to the commuter,
while stores appeal to the through
traveler and particularly to the

transfer passenger who has time to

spare.

(60) The practice of con-
structing rentable office space in

connection with passenger stations

under proper circumstances oflfers

opportunities for assisting in car-
rying the interest charge resulting
from the construction of stations.

Ditto

Par. 13

No change except changing "of" to

"by" in the last line.

(61) If the station building is

surmounted by an office building
the entrances to the latter should
be independent of the station so
that office employees will not be re-

quired to pass through the station.

Consideration, however, should be

given in the design of certain sta-

tion facilities to the possible pat-

ronage by occupants of the office

building.

Ditto
Par. 23

No Change

(62) Concessions of proper
character have proven profitable in

most stations and are desirable not

Only from a revenue producing
standpoint, but as a facility which
adds to the comfort of the pas-

senger.
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Vol. 24 No. 255

Page 927 et seq.

Par. 24

Ditto
Par. 25

Vol. 25—No. 263
Page 543 et seq.

Par. 11

No change except "on to" in place

of "on."

Ditto
Par. 12

No Change
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Rel.\tive Size of Facilities

(63) The relation which should
exist between business handled and
the size of facilities is subject to

variation due to local conditions,

class of traffic, type of service ren-

dered, outside competition, large

variation in estimates of normal
rush-hour business handled and the

varying ideas of what constitutes

adequate service.

(64) The following Table A
represents under average conditions
the relation which should exist be-
tween business handled and the size

of through passenger (not sub-

urban) station facilities.

(E) Speed of Passenger Move-
ments

(65) Under normal conditions
passengers discharge from trains to

station platforms at approximately
the following rates per single car
exit:

(a) On to low platforms:

(1) From Pullmans (after

hand baggage has been
unloaded) one passen-
ger every 2.6 sec.

(2) From day coaches—one
passenger every 3.0 sec.

(3) From suburban coaches
with exit doors 2.4 ft.

wide—one passenger
every 1.8 sec.

(4) From suburban coaches
with exit doors 3.4 ft.

wide—one passenger
every 1.4 sec.

(b) On platforms at car floor

levels:

(1) From suburban coaches
with exit doors 2.4 ft.

wide— one passenger
every 1.1 sec.

(2) From suburban coaches
with exit doors 4.0 ft.

wide—one passenger
every 0.8 sec.

(66) Speeds of passengers on
station platforms under normal and
satisfactory conditions are approxi-
mately as follows

:

(a) When moving unrestricted as

individuals

:



Yards and Terminals 573

Table A
Relations Which Should Exist Between Business Handled and the

Size of Through Passenger Station Facilities

Station Facility
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Present Form

Vol. 25—No. 263
Page 543 et seq.

Par. 13

Changed

The amounts of platform space
nlilized by passengers when moving
in a compact mass, but without ob-

jectionable congestion, are approx-
imately as follows

:

(A) Through passengers—15

sq. ft. per passenger.

(B) Suburban passengers— 10

sq. ft. per passenger.

Vol. 25—No. 263
Page 543 ct scq.

Par. 14

No Change

Ditto

Par 34
Changed

The movements of suburban
passengers, through turnstiles, ticket

gates, single and double doors,

which might normally be expected

is approximately as follows

:

(a) Through turnstiles (5.3

ft. in diam.) 50 passengers per min.

(b) Through single swinging

doors (3.0 ft. wide) 77 passengers

per min.
(c) Through double swinging

doors (each 3 ft. wide) 117 passen-

gers per min.

(d) Through ticket gates
(each ticket punched) 46 passen-

gers per min.

Proposed Form
(1) Through passengers

—

4.2 ft. per sec. (2.9 mi.

per hr.)

(2) Suburban passengers

—

5.5 ft. per sec. (3.7 mi.

per hr.)

(b) When moving en masse:
(1) Through passengers

—

2.7

ft. per sec. (2.5 mi. per
hr.)

(2) Suburban passengers

—

5.1 ft. per sec. (3.5 mi.

per hr.)

(67) The platform space util-

ized by passengers when moving in

a compact mass, but without objec-
tionable congestion, is approximate-
ly as follows

:

(a) Through passengers 15

sq. ft. per passenger
moving 220 ft. per min.

(b) Suburban passengers 10

sq. ft. per passenger
moving 300 ft. per min.

(68) Capacities of station
platforms in discharging passengers
are approximately as follows

:

(a) Through passengers—15
per ft. of width per min.

(b) Suburban passengers

—

30 per ft. of width per
min.

(69) The rates of movements
of suburban passengers which may
be expected are approximately as
follows

:

(a) Through turnstiles (5.3

ft. in diam.) 50 passen-
gers per min.

(b) Through single swing-
ing doors (3.0 ft. wide)—77 passengers per min.

(c) Through double swing-
ing doors (each 3 ft.

wide)— 117 passengers
per min.

(d) Through ticket gates

.

(each ticket punched)

—

46 passengers per min.
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Present Form

Vol. 26—No. 274
Page 742 et seq.

Par. 1

No Change

Ditto

Par. 3

Ditto

Par. 3

No Change

Ditto
Par. 4

Dittt)

Par. 4

Proposed Form
(F) Characteristics of Passkn-

GER Requirements
Through Passenger

(70) Transfer passengers oc-

cupy a station for a maximum
length of time and require more ex-

tensive facilities per passenger than

resident through passengers.

(71) Decreasing the time in-

terval between incoming and outgo-

ing trains decreases requirements

per passenger for waiting room
space and for certain other facil-

ities. I

(72) Increased business tends

to increase the number of trains,

decrease the waiting time, and

equalize the spread of minutes-

waiting per passenger over the rush

hour period.

(73) The number of passen-

gers handled during the rush hour
does not alone determine the size

or number of facilities required.

Local conditions must be studied as

they affect requirements for any
particular situation.

(74) The size or number of

facilities must be modified to make
allowance for

:

(a) Time of arriving and
departing trains, and
the span in mimitcs l)c-

tween them.
(b) The ratio between pas-

sengers commencing or
terminating their jour-

ney and transfer pas-

sengers.

(c) Number of holdover
passengers arriving or
departing outside of the

rush hour but occupy-
ing space and requiring

service during a portion

of the rush hour.

(d) Departure from a rea-

sonably uniform spread
of passengers cnterins;

and departing within the

rush hour.
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Present Form

Vol. 26—No. 274
Page 752 et seq.

Par. 2
No Change

Ditto
Par. 5

Changed

When commuter business is

heavy it is desirable to separate the

through and commuter service, so

far as it is feasible to do so. This
may be done by handling the two
classes of service at

:

(a) Different levels. This re-

quires electrification.

(b) At different sides of the

station.

(c) At different terminals, one
beyond the other.

Vol. 26—No. 274
Page 742 et seq.

Par. 8

Ditto

Par. 9

. Ditto

Par. 10
Change

Ditto
Par. 11

Ditto

Par. 12

Proposed Form
Suburban or Commuter Passen-

gers
(75) Suburban passengers oc-

cupy a station for a minimum
length of time, occupy less space

and move faster than the through
traveler and therefore requirements
in the way of station facilities per

passenger are substantially less for

a suburban than for a through
traveler.

(76) When suburban business

is heavy it is desirable to separate

the through and suburban service,

as their requirements are not sim-

ilar. This may be done by handling

the two classes of service at

:

(a) Different levels. This re-

quires electrification.

(b) At different sides of the

station.

(c) At different terminals, one
beyond the other.

(77) Exit turnstiles for han-
dling large numbers slow up traffic

and should be used.

(78) The concourse should be
large enough to permit the gather-
ing of a full trainload at a gate
without a blockade.

(79) It should be possible for

incoming passengers to proceed di-

rectly from the concourse to the

street without passing through wait-
ing room or blocking its exits.

(80) Indicator boards are the
only directional information re-

quired, as a rule, by commuters.
They should show track number,
scheduled leaving time and names
of stations at which the train will

stop.

(81) In case a departing train

is shifted to a track other than the
one from which it regularly leaves,

a display board should be posted on
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Present Form Proposed Form
the indicator board for the regular

track before that gate is opened
and generally not less than five

minutes before the actual leaving

time.

(82) Posters giving the time

Vol. 26—No. 274 for leaving, the regular track num-
Page 742 et seq. her, and the destination of trains,

Par. 13 should be displayed at a few con-
spicuous points in the wailing room
and concourse.

* * *

Note : Diagrams showing size

or number of facilities required for

varying proportions of mixed
through and commuter service will

be found in the Proceedings, Vol.

26, commencing at page 745. These
diagrams will be reprinted in the

Manual.
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POINTS TO BE CONSIDERED IN THE CONSOLIDATION AND
JOINT USE OF A PASSENGER TERMINAL AND IN ITS

DEVELOPMENT AND OPERATION

Your Committee submits herewith a condensed discussion from which

it draws conchisions recommended for the Manual.

Controlling Principles

(1) A Consolidated Passenger Terminal for the joint use of two

or more railways is assumed to include all the facilities for the pas-

senger station proper; for mail and express service; for the track and

street approaches and such other auxiliary or accessory features as

may be included within a prescribed boundary or terminal zone; and,

preferably, an engine terminal, coach yard, and switching service as

well.

(2) Studies for such a terminal should be made by a committee,

representing all the parties at interest, composed of engineering, trans-

portation, mechanical, signal and traffic officers.

Preferably the officer whom it is expected will be placed in charge

of the property after the consolidation is effected should be made a mem-

ber of that committee.

(3) A large passenger terminal project affects the community as

well as the railway and requires, generally, new legislation and substantial

changes in the layout of the adjacent portion of the city itself. It should be

so planned, so arranged, so designed, and so developed, as to coordinate with

other civic activities. As a rule the railroads entering into a terminal

project are obliged to make sacrifices—in location, in arrangement, in prop-

erty retired; and in other ways, in order to meet requirements outside of

their own needs. Frequently it is found desirable to make general civic

improvements at the same time the terminal work is under way, which

improvements are primarily for the benefit of the community and not for the

railroads. Modification of street approaches is always involved. Each

case ofifers a separate problem but, as a matter of principle, the costs should

be assumed ,by the parties benefited. A method of apportioning the cost

of extraordinary or appurtenant work, necessitated by requirements of the

nature indicated, should be worked out by experts employed by the com-

mittee, submitted to the committee, and developed into a formal agreement

with the civic body or bodies having jurisdiction over the matter. All this

will require close cooperation between the Terminal Committee, the Plan-

ning Board of the city. Executive officers of the city, and perhaps Chambers

of Commerce or similar civic groups.

(4) Men having expert knowledge of the various phases and require-

ments should be employed, as may be commensurate with, the magnitude and

importance of the task; to be under the direction of, and to make definite

reports and recommendations to, the committee; to study the needs of

the individual properties and the results to be expected from the combined

use of one terminal.
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These experts should make iiivesligations by personal inspection of

terminal situations somewhat similar to the one under consideration ; talk

with the responsible officer of similar terminals ; examine the facilities pro-

vided ; see how they function ; obtain comments from the men handling

the terminals visited; get their suggestions as to improvements which

experience has taught them might be made to advantage; study other

terminal contracts ; accumulate and study reports that have been written

covering particular properties, together with the books and articles that

have been written upon the general subject; and seek information from all

available sources.

(5) The committee should study the possibilities of using the station

tracks for auxiliary service when not in use for their normal purpose, as

has been done with success in certain cases. For example, station tracks

may be used as interchange tracks for freight during any period (say from

midnight to morning) when they may be needed only to a limited extent,

or not at all, for passenger service.

(6) Preservation of existing railway routes and of existing facilities

is desirable from the standpoint of initial expense, but may be extravagant

from the standpoint of operating costs and service efficiency. Careful

study should be made to strike a true balance between the two, so that

the ultimate of efficiency and economy may be reached; keeping in mind the

likelihood of the future growth of business, both in total amount, in periodic

intensity, in direction, and in character.

(7) Lines for ingress and egress of trains outside of the terminal

limits should receive careful analysis to see that they are sufficient for

present needs and future growth and are and will continue to be free from

congestion ; the crossing of train movements at grade should be avoided.

(8) Any necessary freight or industry connections on the station

approaches or on lines within or adjacent to the terminal zone, should be

considered carefully with a view to avoiding or minimizing interference

with passenger service.

(9) Street approaches should receive particular attention and care be

exercised to see that they are sufficient in number and width ; convenient

;

so located and designed as to lead from or around, and not directly into,

lines of traffic congestion ; that foot passengers and vehicular traffic have
their own independent lines of travel without the necessity for crossing

each other at grade; that ample accommodation for vehicles handling bag-

gage, mail and express be provided at points which will not interfere with

the free movement of taxicabs, motor buses, street cars, private convey-

ances, or foot passengers.

(10) It may be desirable, and an effective and efficient arrangement

as well, to provide subways for foot passengers to cross to the opposite

sidewalks of surrounding streets. If provision be not made for this at the

outset, pipes, conduits, sewers, etc., may make it difficult, expensive and

perhaps impossible, as a practical matter, to take care of the situation later,

(11) Ample provision should be made for convenient access to taxi

service within or adjacent to the station. Also for convenient access to
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street cars, elevated, or underground railways, buses, and other local trans-

portation systems. As far as reasonable, such means of access should be

under cover, for protection of passengers from the weather.

(12) The site for the terminal should have a balanced maximum

composed of the following characteristics

:

(a) Accessibility—having due regard to modern methods of trans-

portation, land values, and economic requirements.

(b) Sufficient size and suitable shape to provide for a proper

number and length of tracks, and to provide for future growth

of both.

(c) Ease of approach from all the associated rail lines, without

excessive curvature or gradient, and without grade crossings.

(d) Preferably open-air rail approaches, unless all lines are to

be electrified.

(e) Possibilities of proper highway approach .development without

excessive cost.

(f) Proper relation, present and prospective, to rapid transit and

surface car lines, etc.

(g) Room for proper by-pass tracks and for the spread oi ladder

tracks, to provide for free movement and to prevent a tieup

of the yard from derailment at the throat, as happens when
a "double diamond" layout is used.

(h) Room for auxiliary facilities conveniently located, such as:

1. Baggage, mail and express.

2. Parking space for Pullman sleepers and private cars.

3. Engine terminal.

4. Coach yard.

(13) In planning the terminal, liberal space should be provided for

concessions in the station proper and also in other available parts of the

terminal property.

(14) In many cases it may be a direct advantage to- provide upper

floors with rental space for general office purposes. Access to such offices

should be provided separate from the entrances to the station facilities and

railway offices.

(15) Frequently economies can be made by concentrating engine facil-

ities and coach yards under the terminal project, and better service rendered.

Property of similar character released on individual lines can often be used

to advantage in connection with freight service. Sometimes an old coach

yard displaced by the consolidation makes an excellent and much-needed

bulk delivery yard. Frequently engine facilities supplanted are needed to

take care of freight equipment. Often vacated property can be sold to

advantage and at a price that goes far to recoup the owning carrier for

its portion of the cost of the new joint facility. Often dead mileage is

saved. A loop track can be provided for serving the coach yard and for

turning trains.

A modern, substantial plant under one management can be operated at

smaller expense and with more regularity than can a number of small

plants of the same aggregate capacity, rendering an equal service.

(16) Property taken from a participating railway company for

terminal purposes should be purchased by the Terminal Company and

compensation made or credit given to the owning company based on a

valuation of all the property involved, in due proportion to that paid for

similar property acquired from private owners.
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(17) A large joint passenger terminal is subject to vicissitudes of

weather ; to delays and derailments to trains ; to late connections ; to power

failures; to surges in traffic; to bad order equipment; to special trains or

cars requiring special handling; to excursion travel; to jubilees, conven-

tions and special functions at irregular periods. The multitude of incidents

and accidents that occur make it imperative that someone in authority be

present to make quick decision in emergencies and so cover the upset to

the regular routine.

(18) A single operating organization should control all activities

within the terminal zone. Divided authority means divided responsibility

and makes for lack of coordination and consequent confusion, expense,

and delay. All employees, when functioning within the terminal, should

be under the discipline and control of the terminal officers.

(19) Commensurate authority should go with responsibility and re-

sponsibility with authority.

(20) The terminal management should control the maintenance of the

property under its own authority and with its own organization.

(21) Mail, and express service is an essential and integral part of a

joint passenger terminal. The necessary facilities should be planned in co-

operation with the express and postal officials concerned in the handling of

this service.

The operation of these facilities, in so far as they affect the operation

of the terminal as a whole, should be subject to the regulation of the

Terminal Manager.

(22) It is desirable that the engine facilities and coach yards be

made integral parts of the joint passenger terminal project; to be operated

under the direction of the Terminal Manager, and to be subject to his

authority and control. This arrangement will eliminate all doubt as to

responsibility for delays in hosterling, cleaning and handling of equipment,

and for its arrival on the station tracks in time for proper loading and

dispatching in outgoing trains. This will tend to eliminate delays in such

movements. For the same reason it is desirable that the switching engines

and switching movements should be under the direction and control of the

terminal organization.

Conclusions

Points to be considered in the consolidation and joint use of

Passenger Terminals and in their development and operation have

been listed, as follows:

(1) Scope of the terminal project.

(2) Studies to be made by a terminal committee representing the

interests concerned.

(3) Mutual study and cooperation between railroads and civic bodies.

(4) Various phases of the project to be worked out by experts, re-

porting to the terminal committee.

(5) Possibilities of auxiliary service use of the tracks.

(6) Preservation of existing facilities.

(.7) Lines of approach for trains.
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(8) Freight connections for industrial tracks.

(9) Lines of approach for vehicular and foot passengers.

(10) Subways for foot passengers.

(11) Provision for taxis, street cars, busses, etc.

(12) Site of the terminal; balance of characteristic requirements.

(13) Space for concessionaries.

(14) Office space for rental.

(15) Disposition of present facilities displaced by the consolidation.

(16) Railway property taken for terminal project tO' be treated same

as outside property.

(17) A single authority to be in control at all times and to act in case

of emergency.

(18) Responsibility to confer authority.

(19) The terminal management to control maintenance.

(20) Mail and express facilities tO' be planned in cooperation with

postal and express authorities.

(21) Locomotive and coach yards and shop facilities as integral parts

of the terminal project.
,

POINTS TO BE COVERED IN AN AGREEMENT BETWEEN
COMPANIES PARTICIPATING IN A JOINT TERMINAL
PROJECT

Your Committee believes that one of the first essentials in a jointly

operated terminal is a comprehensive agreement, therefore the following

is submitted as a synopsis of the cardinal points to be covered. Your
Committee recommends that this report be referred to the proper Com-
mittee for the preparation of such an agreement.

Provision should be made in the agreement to cover the following

items

:

Stock

Should be owned by the participating carriers, divided upon some
agreed basis.

Bonds

Should be guaranteed jointly and severally by owning carriers.

Insurance

Should be carried in a proper amount, either through a commercial

insurance company or, by arrangement, through the insurance de-

partments of the several owning carriers.

Amortization or Reserve for Retirements

Provision should be made for the accumulation of a reserve for

amortization or retirement of the property other than land. (Unlike a

Class 1 railway, the liability for property, other than land and track

is, in a Terminal Company, concentrated in a few expensive structures.)
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Administrative Management

The management should rest in a Board of Trustees, composed

of one voting trustee for each owning company and a neutral chairman,

who may be a paid officer of the Terminal Company.

Duties of the Trustees

The trustees should devise and issue such By-Laws and Rules as

may be necessary to control the maintenance and operation of the

property, and should appoint and fix the salaries of a Terminal Man-
ager; an Auditor; a Secretary-Treasurer; Terminal Engineer;

Terminal Superintendent; and a Master Mechanic, as may be required.

General Officers

The Terminal Manager, the Auditor, and the Secretary-Treasurer

should be considered General Officers. They should report to the

Board of Trustees. The Terminal Manager should have authority over

and be responsible for the activities of all subordinate officers and

employees other than those of the Auditing and the Secretary-

Treasurer Departments.

Junior and Subordinate Officers, Assistants, and Employees

They should be appointed by the three General Officers, each in

his separate department; subject to the approval of the Trustees as

to the junior officers (the Superintendent, the Terminal Engineer, and

the Master Mechanic), and as to the authorized numbers to be

employed and the rates to be paid to subordinate officers and employees.

Salaries and Wages
Salaries and wages should be fixed by the trustees upon recom-

mendation from the General Officers.

Terminal Employees

When operating within the terminal zone all employees of what-

ever company to become subject to the same control and discipline

of the Terminal Manager as though they were in fact employees of

the Terminal Company.

Discharge of Objectionable Employees

Upon formal objection submitted by any one of the owning (or

leasing) companies, any employee (not a general or junior officer so

designated in the By-Laws of the Terminal Company) deemed by

that company to be unsatisfactory to it, upon written demand specify-

ing the reasons therefor, to be suspended and, for good cause shown,

to be disciplined or removed. Officers of the company designated and

excepted may be suspended or removed by a two-thirds vote of all

the members of the Board of Trustees.

Neutrality Clause

Employees of the Terminal Company, in effect, represent all tlie

carriers individually, and it should be made incumbent upon them
to preserve strict neutrality as between the participating carriers.
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Failure tO' comply with this requirement should be made a sufficient

cause for dismissal.

Organization Chart

The organization shown on the chart attached herewith may be

modified as required.

Liability

A liability clause should be inserted in the agreement which should

include liability for injury to, or death of, any person whomsoever,

and of loss of, or damage to property whatsoever, incurred in con-

nection with the operation, maintenance, repair, renewal, use, con-

struction and reconstruction of the terminal.

Terminal Area

* In the argeement, define the limits; divide the terminal into proper

zones as the varying uses and activity may require; include a map
showing the limits of the property and of the zones; enumerate the

facilities; include any transfer or connecting tracks coming under the

jurisdiction of the Terminal Manager, and show any industry tracks

or connections affecting the operation. This sub-division will be individual

to each terminal, but should be definite and complete.

Equal Rights to Use of All Facilities

Provide that equal rights to the use of all facilities be accorded to

all participating carriers in the proportion that their individual require-

ments may demand; based upon the relative amount and character of

business done as compared with the total business of the terminal,

and to the total of the facilities available.

Office and Other Space

Provision should be made that space not needed by the Terminal

Company for its own use or for use in common for all participating

carriers be rented to individual carriers, to Pullman, Express or

local transportation companies, or to others.

Concessions for Commercial Enterprises

The agreement should provide that concessions for offices, stores,

shops, stands, restaurants, lunch counters, barbers, bootblacks, and the

like, be rented under the jurisdiction of the Terminal Manager, sub-

ject to a general schedule of fees to be approved by the Trustees.

Special Service

A scale of charges should be provided for in the general or by
supplementary agreement to cover any special service rendered to

any particular carrier, such as rent of equipment, freight interchange,

special handling of cars, shop work, etc. Such service to be provided

only to the extent that it may be done without prejudice to the

common use of the property.
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Accounting

Accounts to be kept in accordance with the requirements of such

regulatory bodies as have jurisdiction in the matter. To be open at

all times to the inspection and verification of an accredited repre-

sentative of such regulatory bodj^ or any individual participating

carrier.

Income

Income derived from miscellaneous rents, non-carrier property,

non-owning companies, rent of equipment, special service, concessions,

interest on deposits, bills receivable, and from any other source, to

be deducted before the net expense is computed and apportioned to

the responsible carriers.

Valuation

For purposes of accounting; for pro-rating expenses, particularly

in case of non-owning companies if any; for special service involving

the use of a part only of the property; for the segregation of non-

carrier property; and for other purposes—a valuation to be made of

the property periodically as of December 31, and brought up to date

of each succeeding period. This period may be taken as of ten-year

intervals, unless modification in conditions or ownership make it de-

sirable to make a valuation as of some intermediate period, in which

case it may be done upon a two-thirds vote of the Board of Trustees

of the Terminal Company. In valueing the property it should be

assembled by zones, as defined; split up into such sub-divisions and

into such detail as may be found to be expedient by the Board of

Trustees. Amortization accrual may be adjusted from time to time as

may be expedient in the light of these periodic valuations; not over-

looking changes in the value of land.

Division of Expenses

The net cost of conducting the business of the terminal should be

guaranteed and paid for by the owning carriers, on the dates and in

the manner provided for in the agreement. Costs should include:

(a) Interest on bonds that may be outstanding.

(b) A sinking fund to retire the bonds at maturity.

(c) Cost of maintenance, including insurance and replacement of

property retired not covered by amortization funds.

(d) Cost of operation.

,(e) Interest on additions and betterments not funded.

(f) Taxes and assessments for public improvements. •

(g) Damages to persons and/or property,

(h) Amortization charges.

( i) Any item of expense not otherwise enumerated.

The above items of expense should be determined and, as may be

proper, allocated to each zone, to be assessed against the using car-

riers, generally, upon the basis of the relative service rendered within

the respective zones.
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It may be advisable further to segregate expenses of specific serv-

ices, to be divided upon the basis of units of such service performed.

Property Sold

Net profits, or net losses arising from projaerty sold, should accrue

to the owners and be divided upon the basis of ownership.

Joint Facilities Rents

Property used in common, for the common interest, may l)e

considered for the purpose of dividing the net expenses among the

owners or users, as may be agreed upon, as being a joint facility.

Property used solely by or for the convenience of an individual carrier

should be segregated, separately accounted for, and paid for by tlie

using carrier on a fair rental, basis.

Station Zone Service

Carriers' apportionment of net expenses should be based generally

upon the relative amount of regular service furnished, as indicated

by a count of equipment units used.

A separate count, for record purposes, to be kept of:

(1) Locomotives
(2) Passenger coaches
(3) Parlor cars

(4) Sleeping cars

(5) Baggage cars

(6) Mail cars

(7) Express cars

(8) Dining cars

(9) Other passenger train cars

(10) Special movements

In fixing the amount of service rendered, passenger train cars to be

counted as one unit eacii w-ay, when entering and when leaving in

trains (not a switch movement). Locomotives when attached to loaded

trains to be counted as two units.

Locomotives and cars switched to and from the engine house and

coach yard empty, under the railway's own power, to be counted for

record purposes only, but not to be counted in apportioning the net

aggregate of expenses over income.

Engine House and Coach Yard Service

Engine house and coach yard work in regular operating service

should cover only the ordinary hostlering, cleaning, inspection, and

running repair work, as a part of, and under the regular provision of,

this agreement. If work other tlian the above be done, it shoiih! be

considered and paid for as special service.

Switching Service

The switching of cars by the Terminal Company power to be

counted and paid for as special service at an agreed rate per hour;

to be adjusted from time to time as conditions and ciianging costs may
require.
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Schedules and Timetables

The agreement should provide that while each railway com-
pany has the right to arrange its own schedules and timetables,

this right is subject to review by the Terminal Manager and by the

Terminal Company, and must be judiciously, fairly, and equitably

exercised by each of the individual companies in A way not to

produce unnecessary inconvenience to any other railway companies.

Should a dispute arise between the Terminal Manager and a railway,

between railway companies, or any of them, as to the arrangement
of trains, the use of the terminal facilities, or the timetables or train

schedules of the railway companies, or any of them, the trustees of

the Terminal Company should be given the right and power to

determine a proper arrangement and order of any of these items in

dispute, and to direct and enforce the adoption thereof.

The Terminal Manager should be given the authority to regulate

train movements and speed restrictions necessary for the safe and
proper conduct of traffic over and upon the terminal facilities.

In case of dispute between the Terminal Manager and any in-

dividual railway company, the individual carrier should be given the

right of appeal to the Board of Trustees of the Terminal Company;
their decision to be final and binding.

Exclusive Use to Be Made of the Terminal

The agreement should provide that, except as may be otherwise

definitely set forth, the carriers signatory thereto agree to use the

terminal for the conduct of their passenger business to the exclusion

of all other terminals and stations competitive therewith.

Waiver or Reconciliation of Conflicting Prior Rights

The agreement should provide that, so long as it continues in

force and efifect as to any or all of the parties signatory thereto,

individual railways may not claim or be entitled to any special rights

or privileges not covered in express terms by the agreement. Each
individual carrier expressly to waive any right, privilege, or advantage
in connection with any property of the Terminal Company, or in

connection with any service therewith, which is not enjoyed in

common with all the other railways parties thereto, and none of the

railway companies to be subject to any disadvantages, charges or

burdens other than, or different from, that to which all other railway

companies are subject, unless expressly so stipulated in the agreement.

Arbitration

Differences of opinion or disputes may arise between the Terminal

Company and one or more of the carriers, or between individual

carriers. The agreement should contain an arbitration clause which

should, unless otherwise provided by law or by the order of some
constituted authority, be in keeping with that provided for handling

similar disputed questions in other contracts, such as the one appear-

ing in the Supplement to Manual 1921, Part II—page 63.
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Maintain Corporate Existence

The Terminal Company at all times is to do everything necessary

to preserve its franchise; attend to the payment of any interest as it

may come due; satisfy any requirements in connection witli taxes or

assessments; preserve its corporate existence; its financial stability:

and every right to which it may be by lavir entitled; and is to do

each and everything necessary to maintain itself as a going concern

and to maintain the property as an efficient transportation plant; to

the end that the interest of the participating carriers be fully protected

and proper service rendered to each.

Insolvency oc Default of a Carrier

In case of default by any carrier to carry out any of the obliga-

tions entered into bj^ the agreement, it should be further provided

that the sum which the defaulting carrier fails to pay will be deemed
an expense of the Terminal Company and be apportioned among the

other carriers in proportion to their ownership in the property. A
company in default may, upon vote of not less than two-thirds of all

the trustees, be excluded from the privileges it had hitherto enjoyed,

and from the use of the terminal facilities. This exclusion to run

against the defaulting carrier as and after the expiration of thirty

days from written notice sent to the defaulting carrier by the secretary

of the Terminal Company, unless default sliall have been previously

overcome and removed.

Assignment of Rights or of Obligations

Provide that no assignment by any of the carriers, and no transfer

of their interest or rights under this agreement, is to release such

carrier from any of its obligations under this agreement. In case of

merger, consolidation, or lease of a participating carrier, the merged

or consolidated company, or the leasing company, is to continue liable

for all payments and for the performance of all obligations which

rested upon the original company that was a party to this agreement;

but the consolidated, merging, or leasing companj^ to acquire no

additional rights or privileges therein, except through new negotia-

tions and supplementary agreement satisfactory to the Terminal Com-
pany and to the several proprietary companies.

Admission of New Carriers

Provision should be made that, unless compelled to do so by

public authority, new carriers are to be admitted to participate in the

ownership, or to enjoy the privileges of tlie Joint Terminal, only after

an agreement has been reached satisfactory to the several proprietary

companies; the terms of such agreement formally accepted by the

trustees of the Terminal Company as confirmed by affirmative vote

of not less than two-thirds of all the members; and the contract of

such agreement has been formally executed on behalf of the new
company and of the Terminal Company.
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Withdrawal of Participating Carriers

Provide that the agreement is to be final and binding upon all

signatorjr companies, and their successors or assigns, without reserva-

tion other than that, if any, expressed in the agreement itself.

Parties to the agreement to be permitted to withdraw only by
supplementary agreement with the Terminal Company, to which there

must be consent by unanimous affirmative vote of the Board of Trus-

tees.

Such withdrawal, if permitted, in no way to affect the liability

of the company so withdrawing from its obligations for, and guaranty

of, payment of interest and principal of the bonded indebtedness of

the Terminal Company; nor to affect the rights or the obligations

of the other carriers, parties to this agreement, whose rights have

not been terminated.

Provide New Facilities as Needed

Provide that the Terminal Company at all times is to study and consider

the needs of the service, and the requirements of the participating carriers,

and from time to time as the necessity arises, is to make proper provision

for expansion through additions and betterments to the property.

Extraordinary Expenditures

In case of destruction of the property, or any major portion of it, by

fire, accident, or other medium ; or in case it becomes necessary to make
extensive additions or betterments to the property; or to acquire new prop-

erty of magnitude, requiring the raising of substantial sums of additional

money, the agreement should provide that such matters be considered

Extraordinary Expenditures, requiring the entering into of supplementary

agreements. Extraordinary Expenditures to be understood to mean any

expenditures affecting the total property account in the amount of more

than (five) per cent of that account. Work of such magnitude not to be

prosecuted by the Terminal Company until the matter be presented to the

proprietary companies and acquiescence received from not less than two-

thirds of such proprietary companies not in default.

Tenant Carrier Companies

It is recognized that some carrier desiring to enter the station may
be too small, or may be without sufficient financial stability, to accept its

share of the financial responsibility and burden as previously recommended

(that all carriers participate in the ownership), and still it may be for the

general interest to admit such carrier within the terminal scheme. Some
carrier hiay wish to make only minor use of the terminal and its facilities

and still it may be expedient for both prospective tenant and owning com-

panies to permit such carrier to participate in a limited use of the property

on some basis other than active partnership.

In such cases the facilities of the terminal, or so much of them as

may be required, may be placed at the disposal of such carrier upon a

basis of rental or rentals worked out by unit cost analysis, including operat-
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ing and maintenance expenses, taxes, insurance, interest, and all the other

items listed under "Division of Expenses" (including a fair return upon

the property used and Amortization Accruals or not as may seem expedient

and fair in the particular instance), having due regard to relative service;

to the probable increase or decrease of value in the property as a whole,

in which the tenant would not share; to the changing value of the land;

to the weight of the burden to be imposed upon the tenant and its ability

to carry it ; and to the effect of such tenancy upon the out-of-pocket cost

to its owning companies. This general thought to be embraced in a

special agreement in each case.

Terminal Company to Act as Agent for Participating Carriers

Unless separate ticket space is provided for each tenant company,

provision should be made in the agreement that the Terminal Company be

considered the agent for the sale of tickets of all participating railway

companies, and of all lines using the terminal facilities, without discrimina-

tion. The Terminal Company to be held liable for and account to each

railway company participating, and to other lines which may be tenant

companies, for all moneys received from the sale of said tickets. Each
railway company whenever requested so to do by the Chairman of the

Board of Trustees of the Terminal Company, or by the Chairman of any

auditing conmiittee appointed by the trustees, to send a representative to

check up its ticket account with the Terminal Company. This check to

be made under the supervision of the Chairman of the Terminal Company
Trustees, or of the auditing committee acting as his representative.
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Appendix C

(3) SCALES

M. J, J. Harrison, Chairman, Sub-Committee; A. Bousfield, C. A.

Briggs, A. W. Epright, E. M. Hastings, H. O. Hem, E. K. Law-
rence, H. M. Roeser, C. H. Spencer.

During the past year a demand for two-section track scales of the

knife-edge type has appeared. Your Committee was asked to prepare

specifications for the guidance of purchasers of such equipment, and

these are submitted herewith. These specifications have been sub-

mitted to the manufacturers through their association, and have their

formal approval. They also have the approval of the representatives

of the United States Bureau of Standards and of the National Scale

Men's Association, who cooperated in their preparation.

It was felt, in undertaking this assignment, that the proposed

specifications should be based on the specifications adopted by the

Association in 1920, and printed in the 1921 Manual, for four-section

track scales of the knife-edge type. Those specifications had inten-

tionally provided for a selection by the purchaser of one or two differ-

ent classes of scales for a certain beam capacity, the basis of selection

being the estimated service to which the proposed scale was to be

subjected. In an endeavor to determine how the distinction between

the two classes was generally being made, a questionnaire was sent

to 65 representative roads. Replies were received from 53 of the roads

addressed, and are summarized as follows:

34 roads specified Heavy Service scales for all new installations,

regardless of character of service.

8 roads specified Light Service scales for all new installations,

regardless of character of service.

5 roads reported no definite basis for selecting either class of scale.

6 roads reported fairly definite bases for selecting either Heavy
Service scales or Light Service scales, but the number of weigh cars

per day whi-ch was the dividing line between the two classes varied,

on these six roads, from 10 to 100.

In the light of these replies it was felt that a somewhat more
definite recommendation might well be incorporated in the two-section

track scale specifications, and this will be found in Section I.

Another feature of interest in the proposed specifications is the

elimination of the recommendation or requirement for a dead rail

system. While it is not felt that the scale track should be used for

high speed movements, nor contemplated that it will be so used, it is

felt that the cost of additional strength in the scale itself will result

in ultimate economy as compared with the cost of installation, main-

tenance and operation of a dead rail system. In this type of scale,

therefore, it is proposed that the locomotives will use the scale rails.
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The most apparent difference between these specifications and

the 1920 specifications is in the provisions covering the design of the

weigh-bridge, and results from the conclusion expressed above.

It should be understood that the adoption of the specifications

presented herewith will not nullify the 1920 specifications. Both speci-

fications cover knife-edge track scales, the 1920 specifications applying

to four-section scales with dead rail, and the present specifications

applying to two-section scales without dead rail. Choice as between the

two types rests with the purchaser, and the manufacture and installa-

tion of both types can be expected to continue.

Your Committee desires to express its appreciation of the aid and
cooperation extended by the United States Bureau of Standards, the

Scale and Balance Manufacturers' Association, and the National Scale

Men's Association, and to acknowledge the value of similar work
previously done by railways and organizations, from whose specifica-

tions preferred sections and items have been selected and incorporated

herein.

SPECIFICATIONS FOR THE MANUFACTURE AND INSTAL-
LATION OF TWO-SECTION KNIFE-EDGE

RAILWAY TRACK SCALES

INTRODUCTION
These specifications are intended to cover two-section knife-edge

track scales for weighing cars in railway service without the use of

dead rails or relieving gear. They do not cover overhead su;spended

scales, nor do they apply to scales already in service, except that rein-

stallations of old scales should conform as nearly as practicable to the

provisions herein relating to the installation of scales and to pivots

and bearing steels. They are intended, except for special cases, to

result in reasonable uniformity of scales for similar service, but with-

out preventing or discouraging improvements in types of scales or in

scale parts.

Requests for proposals for track scales conforming to these speci-

fications should specify the class or sectional capacity, and length of

scale required, together with such other information as will insure

complete and uniform proposals.

(1) CL.ASSES OF SCALES

1. Character of Classification.—Scales shall be classified into two
capacities, namely, 200-ton per section scales and 150-ton per section

scales. These specifications apply to both classes of scales except

when otherwise specifically provided herein.

2. 200-Ton Per Section Scales.—200-ton per section scales are to

be selected for typical railway and heavy industrial installations. They
shall have lengths of either 60 feet or 75 feet. 60-foot scales may be

used for motion weighing of cars whose wheel-base does not exceed
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41 feet. 75-foot scales may be used for motion weighing of cars whose
wheel-base does not exceed 51 feet.

3. 150-Ton Per Section Scales.—150-ton per section scales are to

be selected for points where the scale track traffic will be relatively

light. They shall have lengths of either 50 feet or 60 feet. 150-ton

per section scales are not recommended for motion weighing.

4. Special Cases.—For special cases, which cannot be covered by

these specifications, it is recommended that all features of the scales

be at least equal to those prescribed herein, and that the principles

herein embodied be followed, insofar as they apply.

(II) CAPACITY

1. Capacity Defined.—The capacity of a two-section track scale

is the weight of the heaviest locomotive that will pass over the scale

rails without developing in any member stresses in excess of those

hereinafter specified.

2. Capacity Required.—The capacity of the scale shall suffice

to meet the requirements of these specifications under the heaviest

loading to which the scale may be subjected.

3. Sectional Capacity.—^The sectional capacity of a scale is the

greatest weight which may be divided equally on the load pivots of

each pair of main levers without producing stresses in any scale

member in excess of those hereinafter specified.

(Ill) PLANS

On request the manufacturer shall furnish to the purchaser plans

of design, showing stresses and detailed dimensions for all scale

parts, and the material of which they are to be made. Assembly plans

shall also be furnished showing the location of field connections and
all information necessary for the purchaser to design and construct

the pit and parts not furnished by the manufacturer.

(IV) WORKING STRESSES

1. General.—The following unit stresses shall not be exceeded

when the scale is loaded to its capacity as defined above. These
stresses include an allowance for impact caused by moving loads. The
strength of each member shall be determined from its weakest cross-

section.

2. Iron and Steel ; Working Stresses in Pounds Per Square Inch.—
Special Alloy

Steel for
Cast Steel Machinery Struc- Pivots and
Iron Castings Steel tural Steel Bearings

Tension 2,000 8,000 12,000 See 30,000
Compression 8,000 10,000 12,000 Section 30,000
Transverse Bending Ten- XXIV

sion 2,500 8,000 12,000 30,000
Transverse Bending Com-

pression 4,000 10,000 12,000 30,000
Shear 2,500 6,000 7,500
Torsion 2,500 6,000

High Carbon Steel not to be used for pivots and bearings.
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3. Steel Pins.—The bearing stress on steel pins shall not exceed

15,000 lb. per square inch on any diametral cross-section.

4. Knife-Edge Bearing Stresses.—The load per linear inch of con-

tact between knife-edges and their opposing bearings shall not exceed

6,000 lb.

5. Concrete Bearing Stresses.—Bearing stresses on concrete shall

not exceed 300 lb. per square inch under scale lever stands, and 400 lb.

per square inch at all other points.

6. Loops—Formula for Stresses.—Considering the end of the loop

as a simple beam, its section at the point of maximum stress shall be

IV d
determined from the formula — (L ), in which "IV" is the maxi-

4 2

mum load applied to the loop, "L" is the distance between the center

lines of the depending sides, and "d" is the distance over which the

load is distributed.

7. Projecting Pivots—Formula for Stresses.—Where practicable,

pivots shall be supported their full length by integral parts of the lever

containing them. Where pivots cannot be so supported, bending

moments in the pivots shall be determined as follows:

Let W = the total load on both ends of the pivot in pounds.

L = the moment arm in inches.

d = the length of bearing in the loop in inches.

T = the distance between friction faces of the loop in inches.

B = the width of boss or sustaining member enveloping the

member in inches.

M = the bending moment in the pivot in inch-pounds.

Then L = J^rf + rT-B) + ^ inch

and M = WL/2.
(V) LENGTH OF SCALE

1. Scale Length Defined.—The length of a track scale is the

length of the live rail. The live rail shall not project over the ends of

the weigh-bridge girders.

2. Limits of Overhang.—The scale may be longer than the dis-

tance between its sections. In no case, however, shall the distance

from the center of a section to the nearer end of the live rails exceed

three feet.

(VI) SCALE LEVERS
1. Quality of Castings.—Castings for use in scales shall not be

unduly warped. They shall be clean, smooth, uniform, and free from

blisters, blowholes and shrinkage cracks.

2. Machined Ways for Nose Irons.—That portion of any lever

that is to be fitted with a nose iron shall be machined for the full

distance over which the nose iron is to move.
3. Leveling Lugs.—Each lever shall be provided with leveling

lugs. Each pair of lugs shall be spaced 11 inches, center to center.
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The leveling surface of each pair of lugs shall be finished to a common
plane parallel to the plane through the knife-edges of the end pivots.

4. Marking of Levers.—The multiple shall be permanently and

legibly marked on each scale lever.

5. Length—Allowable Variation.—The lengths of main and ex-

tension levers shall conform to tlieir nominal lengths between end

knife-edges within % inch and % inch, respectively.

6. Loading of Levers Other Than Main Levers.—In designing

levers other than main levers, it shall be assumed that each longitudinal

extension lever carries an applied load corresponding to 100 per cent

of the sectional capacity, and that the transverse extension lever carries

an applied load corresponding to 200 per cent of the sectional capacity.

(VII) PIVOTS AND KNIFE-EDGES

1. Material.—The requirements for physical properties of steel

used for pivots and bearing steels shall be as follows:

(a) Special Alloy Steel—annealed:

Elastic Limit Not over 75,000 lb. per sq. in.

Tensile Strength Not over 110,000 lb. per sq. in.

Elongation in 2 inches. Not less than 20 per cent.

Reduction in area Not less than 35 per cent.

(b) Special Alloy Steel—hardened:

Elastic Limit Not less than 160,000 lb. per sq. in.

Tensile Strength Not less than 200,000 lb. per sq. in.

Elongation in 2 inches. Not less than 5 per cent.

Reduction in area Not less than 25 per cent.

Shore Hardness Not less than 75.

2. Design and Manufacture.—Pivots shall be so designed and

manufactured that the included angle of the sides forming the knife-

edge will not exceed 90°, and the offset of the knife-edge, as referred

to the vertical center line through the base of the pivot, will not exceed

10 per cent of the width of the pivot. Knife-edges shall be straight

within a tolerance of 0.0002 inch per inch of length of pivot.

3. Mounting.—
(a) Pivots shall be firmly fastened in position without swedg-

ing or calking.

(b) Pivots in main and extension levers shall be fitted into

machined ways.

(c) Pivots shall be so mounted that the knife-edges make con-

tact with their opposing bearings throughout the length

of the parts designed to be in contact within the limits

specified above. The length of each end of projecting

knife-edges intended to engage loop bearings shall exceed

the length of the bearing in each side of the loop by an

amount equal at least to the total clearance between the

lever and the loop.
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(d) In any lever the pivots shall be so mounted that:

(1) Each knife-edge in any lever will be maintained in

a horizontal plane under any load within the capacity

of the scale.

(2) A plane bisecting the angle of a knife-edge will be

perpendicular to the plane through the knife-edges

of the end pivots.

(3) The knife-edges in any lever will be parallel to each

other.

4. Support for Projecting Pivots.—The reinforcing on the levers

to support projecting pivots shall be tapered off to prevent lodgment

of dirt next to the pivots and to provide proper clearances.

5. Fulcrum Distances.—The distance between knife-edges of

fulcrum and load pivots of main levers shall be not less than eight inches.

(VIII) NOSE IRONS

1. Design and Fastening.—The nose irons shall be firmly fastened

in proper position by means of U.S. standard thread screws or bolts,

or other equally effective mechanical device.

(a) Design of Fastening.—The means for clamping the nose

irons in position shall be of such design that indentations

in the lever will not be made, and shall be independent

of any means provided for adjustment.

(b) Direction of Fastening.—The means for clamping nose

irons in position shall force or hold them against the

lever in the same direction as they would be forced by

the load.

(c) Control of Nose Iron Movement.—The movement of the

nose irons shall be controlled by means of adjusting

screws of U.S. standard thread. These screws shall be

made of a material which will not corrode.

2. Marking of Position.—The position of each nose iron as

determined by the factory adjustment shall be accurately, clearly and

permanently indicated by a well defined mark on the lever and nose

iron, which shall meet on a common line.

3. Finish and Pivot Mounting.—Nose iron surfaces intended to

be in slidable contact with levers shall be made true in order to secure

an accurate fit on or in the levers. Nose irons and guides shall be of

such construction that, when a nose iron is moved through any portion

of its allowable travel, the knife-edge will be held parallel to its normal

position.

(IX) LEVER FULCRUM STANDS

1. Design.—
(a) Pillars—Position on Bases.—The pillars or upright por-

tions of the stands carrying the bearings shall be so placed

on the basc< that the center'; (if the bearing lines will be
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over the centers of gravity of the bearing surfaces of

the stands.

(b) Height of Pillars.—In stands of the two pillar type, the

pillars shall be of equal height.

(c) Anchor Bolt Holes.—Four or more anchor bolt holes, not

less than two inches in diameter, shall be provided in proper

places in the base of each stand, unless other equally

efifective means for anchorage is provided.

2. Quality of Castings.—Castings for lever stands shall be clean,

smooth, uniform, and free from blisters, blowholes and shrinkage

cracks.

3. Finish of Bases.—The base of each stand shall be machined

to a plane perpendicular to the upright axis through the center of the

knife-edge bearing line.

4. Finish of Pillar Tops.—The tops of pillars for receiving bear-

ing steels, caps or blocks, shall be finished so that the knife-edge

bearing line will be parallel to the machined surface of the base of the

stand within 1/32 inch.

5. Tie Bars.—When tie bars for lever frames are used, contiguous

surfaces shall be machined.

(X) BEARINGS AND BEARING BLOCKS
1. Material for Bearing Steels.—The requirements for physical

properties of steel used for bearings shall be the same as those set

forth in Section VII-1 hereof for pivots.

2. Design of Bearings.—Bearings shall be so designed that dis-

placement of the line of contact between a bearing and its opposing

knife-edge will not occur under practical conditions of loading.

3. Mounting of Bearing Steels.—All like bearing steels shall be

interchangeable or mounted in interchangeable bearing steel blocks.

When bearing steels are separable and interchangeable, they shall be

fastened in position by U.S. standard thread set screws, of a non-

corrosive material'at least as hard as brass, or by other equally effec-

tive mechanical device.

4. Finish of Bearing Steels.—The bearing surfaces shall be

brought to a smooth, true and accurate finish to provide continuity

of contact with the opposing knife-edges within a tolerance of 0.0002

inch per inch of length of pivot.

5. Weigh-Bridge Bearings.—The surfaces of weigh-bridge bear-

ings intended to make contact with the bridge girders shall be finished

so that, when in position, all the bearing surfaces will be within 1/32

inch of the same horizontal plane and parallel to it. To secure proper

alinement of parts, the diameter of the bolt holes in the weigh-bridge

bearings and in the girders shall exceed the diameter of the bolts

fastening the bearings to the girders by Yz inch, to allow for necessary

transverse and longitudinal adjustment.
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(XI) LOOPS AND CONNECTIONS
1. Material.—The requirements for material and hardness of bear-

ing surfaces in loop connections shall be the same as those herein

prescribed for pivots and bearings.

2. Design.—In loops which form bearings for projecting pivots,

the radius of the portion of the bearing making immediate contact

with the knife-edge and the radius of the eye of the loop shall be not

less than the longest side of the cross-section of the square pivot to

be used in the loop, and like clearance shall be provided if pivots of

other than square cross-section be used.

3. Length.—Loops in like connections, except when adjustable,

shall be of the same length.

4. Steelyard Rod.—The steel3'ard rod shall be equipped with a

turnbuckle.

5. Locknuts.—Bolts or turnbuckles used as parts of the connec-

tions shall be provided with locknuts.

(XII) CHECKS

1. Type.—Weigh-bridge checks shall be provided, and shall be

of the rod or other type which shall be equal to the rod type in

functioning. Checks of the rod or bumper type shall be adjustable.

2. Character.—Both longitudinal and transverse checks shall be

provided.

3. Number.—Not less than four longitudinal and four transverse

checks sliall be provided.

4. Position.—Checks shall be set as high as possible, and shall

be in the same horizontal plane. Longitudinal and transverse checks

shall be, respectively, parallel and perpendicular to a vertical plane

through the center line of the track.

5. Strength.—Checks of the rod type shall be considered to act

only in tension. The combined checks at either end or side shall be

designed to resist a force of 66,000 lb.

(XIII) WEIGH-BEAM AND ACCESSORIES
1. Design.—

(a) Capacity.—For 200-ton per section scales, a direct reading

capacity of 335,000 lb. shall be provided, and in addi-

tion, when desired, a non-registering tip weight repre-

senting 200,000 lb. may also be provided. For 150-ton

per section scales, a direct reading capacity of 250,000 lb.

shall be provided, and in addition, when desired, a non-

registering tip weight representing 150,000 lb. may also

be provided.

(b) Shoulder Stop.—A shoulder stop shall be provided on all

beams to prevent the travel of the main poise back of

the zero notch.
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(c) Notches.—The number of notches for the main poise shall

not exceed six per inch. Each notch shall be so made
that when the pawl rests in it, a line projected from the

center of the side of the notch nearer the zero graduation

to the axis about which the pawl revolves will be per-

pendicular to that side of the notch.

(d) Pawl or Latch.—The tip or point of the pawl or latch shall

be of the same width as the notches of the beam, and shall

be rounded off so that a small amount of dust or dirt in

the bottom of the notch will not prevent the poise from

assuming its correct position.

(e) Projections and Recesses.—Poises shall be so designed as

to present the least number of recesses or projections in

or on which dust or dirt may accumulate.

(f) Ball or Cone Bearings.—Ball bearings, cone bearings or

other means shall be provided to secure as free move-
ment of the poise along the beam as possible, but without

side play of the poise.

(g) Registering Beams.—Scales that are to be used exclusively

for spot weighing may be equipped with registering beams.

(h) Fractional Bar Stops.—On registering beams the frac

tional poise shall be equipped with means to insure a

positive stop at any 20-lb. interval, and a stop shall be

provided to prevent the movement of the fractional bar

beyond its proper travel in either direction.

(i) Operating Lever.—A substantial double or other approved

type of hand grip shall be provided to facilitate the print-

ing or registering of the weight on the ticket with the

least possible disturbance of the beam.

(j) Receptacle for Weight Ticket.—On registering beams
means shall be provided to prevent the placing of the

weight ticket in its receptacle in any position in which
an incorrect weight can be registered.

2. Marking.—
(a) Intervals.—The notches and graduations on the main beam

shall be made at the 1,000 lb. intervals.

(b) Length of Graduations.—For the main beam, the zero

graduation and all graduations representing multiples of

10,000 lb. shall be ^ inch in length. All graduations

having values in thousands of pounds ending in 4 and 8

shall be Y^ inch in length. All other graduations shall

be J4 inch in length. An alternative method of marking

may be used in which the marks representing 5, 15, 25,

etc., thousand pounds shall be not less than 1^ times the

intermediate lines, and every tenth line shall be longer

than every fifth line, and the length of the graduations
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other than the fives and tens shall be not greater than

twice the distance between their centers, preferably 1^
times the distance between their centers.

(c) Size of Figures.—For the main beam, the zero gradua-

tion and every tenth graduation therefrom shall have its

value in thousands of pounds (i.e., 0, 10, 20, etc.) marked

by figures M i"ch in height, except the last graduation

on the beam, which shall be marked in full—for example,

250,000 lb. All other graduations in beams graduated by

the first method, having values in thousands of pounds

ending in an even figure, namely, 2, 4, 6 and 8, shall be

marked by figures 3/16 inch in height. On beams gradu-

ated by the second method, the fives, fifteens, etc., may or

may not have the value in thousands of pounds marked,

or may have a star or other device placed opposite the

line. No other graduations having readings in thousands

of pounds ending in an uneven figure shall be marked.

All numbers shall be placed directly beneath their respec-

tive graduations, and shall be within 1/16 to % inch of

the graduation.

(d) Fractional Beam.—For registering beams, the graduations

for the fractional beam shall be placed at 20-lb. intervals

up to and including 980 lb., or, if the fractional beam

corresponds to a full 1,000 lb., the last figure shall be

marked to read 999 lb. Non-registering fractional beams

shall be graduated in SO-lb. intervals, except for special

cases.

3. Balance Ball.—A balance ball shall be provided. If it be a

rotating ball, its center of gravity shall lie in the axis of rotation.

Otherwise its movement shall be controlled by means of a self-con-

tained hand operated screw or other device which will not require that

the ball be rotated in making any adjustments. Means for locking

the ball in position shall be provided. The balance ball shall be pro-

vided with vertical adjustment.

4. Counterbalance Weights.— If counterbalance weights are to be

used, the lower end of the hanger stem shall be threaded; a cup for

the loose balancing material shall be screwed to the lower end of the

stem, and each additional weight shall be provided with an elongated

hole in the center through which the hanger stem may pass. No slotted

counterbalance weights are to be used. When no counterbalance

weights are necessary on top of the counterbalance cup, the cavity

shall be closed by a cover, secured in a positive manner. No counter-

balance weights shall be used in any place in the scale except at the

beam.

5. Multiplication.—A pivot with a loop shall be provided at the

tip of the beam. The multiplication to this pivot knife-edge shall be
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7,000 or 10,000, or multiples thereof, and shall be plainly and perma-

nently stamped on the beam.

6. Identification of Parts.—Each beam shall be given a serial

number, which shall be stamped on the beam. The pivots, poises, and

fractional bar shall have stamped on them identification marks to shov^f

to w^hich beam each belongs, and the pivots shall be so marked as to

indicate their proper positions in the beam.

7. Type Figures.—Type figures shall be made of a material sufifi-

ciently hard so that they will not easily become battered or defaced.

The figures shall be plain and raised sufficiently high to insure a clear

impression when the weight ticket or tape is stamped. They shall be

so attached and secured in their proper places that they will not be-

come loosened.

8. Beam Fulcrum Stand.—
(a) Design.—The beam shall be supported on a stand pro-

vided with compensating bearings, and shall not be sus-

pended. The height of the pillars and the dimensions of

the base of the stand shall be such as to prevent a tipping

action.

(b) Height.—The height of the stand, measured from the

bottom surface of the base to the pivot bearing surface,

shall not exceed 13 inches.

(c) Finish.—The bearing surface of the base of the stand

shall be finished to a plane perpendicular to the axis of

the upright portion of the stand, and the knife-edge line

of the bearing shall be parallel to the base. The center

of the bearing line shall be vertically over the center of

gravity of the bearing surface of the base.

9. Trig Loop.—

(a) Material.—The contact parts of the trig loop shall be

made of a non-magnetic material.

(b) Play of the Beam.—The play of the beam in the trig loop

shall be not more than two per cent of the distance from

the trig loop to the knife-edge of the fulcrum pivot.

(c) Pointer.—The beam shall be fitted with a pointer to be

used in connection with a fixed graduation or other device

on the trig loop to indicate a central position in the trig

loop when the beam is horizontal.

10. Beam Support.—Cast iron .pillars, or equivalent, and a beam
shelf shall be provided for all scales. The beam fulcrum and the trig

stand shall be securely erected thereon. This shelf shall be strong

and sufficiently rigid so that it will not deflect to an extent that the

action of the scale will be affected.
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(XIV) ANTIFRICTION POINTS AND PLATES

1. Required.—Antifriction points and plates shall be provided

to limit the relative lengthwise displacement of all knife-edges with

respect to their bearings.

2. Material.—The antifriction points and plates shall be made of

hardened carbon steel, and the plates shall be at least as hard as the

points which come in contact with them.

3. Design.—The antifriction points shall consist of a point or

projection of small area formed on the knife-edge in the case of full-

length contact knife-edges, or shall be formed on plates securely at-

tached to the levers or pivots. The design of the antifriction points

shall be such that they will always make contact with their opposing

plates on the line of the knife-edges, within practical limits. In loop

bearings the parts which come in contact with the antifriction points

shall be formed without any points or projections so that, when the

loop is relatively displaced in a direction at right angles to the knife-

edges, the contact will continue to be made with the antifriction points

on the line of the knife-edge.

4. Clearances.—The clearances between the antifriction plates and
antifriction points shall not exceed tV inch on the beam, J^ inch on the

shelf lever, and ^ inch on all other levers, and the minimum clear-

ances shall not be less than one-half these amounts, respectively.

(XV) CLEARANCES

The clearance around and between the fixed and live parts of the

lever system of a scale shall be at least }i inch, except at points where

other clearances are specified.

(XVI) FACTORY ADJUSTMENTS

1. Levers.—The design, workmanship, and factory adjustment

of the levers and beam shall be such that the proper ratio of the lever

arms will be maintained.

2. Beams.—Each notch in the beam shall be adjusted to within

0.002 inch of the nominal distance from the zero notch.

(XVII) INTERCHANGEABILITY

Like parts of all like scales of the same design and manufacture

shall be interchangeable, unless otherwise herein specified. The scale

drawings and the parts of the scale shall be marked to indicate the

proper positions of the parts in the scale, so as to prevent parts not

symmetrically designed being incorrectly placed when the scale is

set up.

(XVIII) SENSIBILITY RECIPROCAL

1. Definition.—The sensibility reciprocal shall be that weight
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required to be added to or removed from the live rails to turn the beam
from a horizontal position of equilibrium in the center of the trig

loop to a position of equilibrium at either limit of its travel.

2. Value.—The sensibility reciprocal shall not exceed 50 lb. in

any case.

(XIX) TOLERANCE
The manufacturers' tolerance to be allowed on the first field test,

after the installation corrections, of all new railway track scale shall

not exceed 1/20 of 1 per cent, or 50 lb. per 100,000 lb., for any position

of the test car load on the scale. The minimum test car load to be

applied shall be 30,000 lb.

(XX) LOCATION AND ELEVATION
1. Foundation.—Scales shall be so located that an adequate foun-

dation, and at least 50 feet of tangent track at each approach to the

scale rails, can be provided.

2. Elevation.—The scale shall be raised with respect to the other

tracks of the j^ards to such an elevation that the drainage of the sur-

face water will be away from it. Means shall be provided to prevent

surface water between the rails of the scale track from running into

the pit.

3. Right-Handed Beam.—Scales shall be so located that a right-

handed beam can be used in all cases without the use of extension

levers, exclusive of shelf lever, between transverse extension lever and

beam.

(XXI) FOUNDATIONS
1. Material.—All scale foundations shall be constructed of con-

crete. The quality of the materials and the methods of mixing and

placing the concrete shall be in accordance with the railway's specifica-

tions for first-class concrete, or other first-class engineering practice

may be followed.

2. Beariijg Area.—The bearing areas of the foundation footings

shall be such that the bearing pressure on the soil will be uniform

throughout and not exceed:

Lb. per sq. ft.

For fine sand or clay 4,000
For coarse sand and gravel, or hard clay 6,000
For boulders or solid rock 20,000

If the soil has not a safe bearing capacity equal tO' that of fine sand

or clay, its bearing capacity should be increased by drainage, by adding a

layer of gravel or broken stone, or by driving piles.

3. Dimensions of Pit.—The depth of the scale pit shall be not

less than 7 feet from the base of the rail to the finished floor of the

pit. The width of the pit between faces of side walls shall be not

less than 10 feet, provided that there shall be a horizontal clearance
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of not less than 16 inches between the faces of the side walls and the

scale parts below the weigh-bridge girders and above the bases of the

stands. The length of the pit inside of the end walls shall be not

less than 2 feet greater than the length of the scale parts.

4. Walls of Pit.—The side and end walls shall be not less than 15

inches, and preferably 18 inches, thick at the top. The foundation

walls of the scale house shall be not less than 12 inches thick at the

top, and shall be formed solidly to the side walls of the scale pit.

5. Waterproofing.—Where necessary to prevent seepage of water

through foundations into the scale pit, they shall be waterproofed and

drained into a waterproof cistern located outside the scale pit and

equipped with either pump, siphon, or automatic "cellar drainer."

6. Approach Walls.—Approach walls or piers of concrete shall be

built to extend at least 15 feet, preferably 25 feet, from the pit face of

the end wall at the approach and back under the track, to preserve

line and surface of the approach tracks. They may be built in one

solid mass of concrete, or they may consist of two parallel walls or

piers, but with either type of construction they shall have a single

foundation footing. Where necessary to secure safe bearing capacity,

they shall be carried to the same depth as the pit walls.

7. Wall Batter.—All wall surfaces next to earth subject to freez-

ing shall be constructed with a uniform batter of not less than 1 inch

to the foot, and as much more as necessary to permit the heaving of

adjacent ground l)y frost action witliout disturbing the walls.

8. Footings or Piers for Lever Stands.—The concrete footings

or piers supporting the lever stands shall be not less than 18 inches

thick. Their tops shall be above the floor of the pit a distance suffi-

cient to prevent the accumulation of water under the bases of the

stands, and they shall be finished to exact level and elevation to receive

the lever stands directly without the use of shims or grouting. The
floor of the pit may be a solid mat of concrete nearly the same thick-

ness as that required to support the lever stands, or it may be not less

than 6 inches thick where local conditions permit. The pit floor shall

in all cases be smooth and with a pitch to a common point of drainage

and free from pockets in which water will stand. If the scale is of

a type having main levers or parts of the platform bearings that hang
below the bases of the main lever stands, the piers shall be provided

with recesses of a size to give a clearance of not less than l]/- inches,

and the recesses shall be formed to prevent lodgment of dirt.

9. Anchor Bolts.—.Anchor bolts shall be provided in foundations

for lever stands to match the bolt holes provided for securing the

stands, and they shall extend into the concrete not less than 15 inches.

10. Anchorage for Floating Levers.—Floating levers, viz., levers

exerting an upward pull at their fulcrums, shall be anchored to the

foundation to resist not less than twice the uplift produced by the

combined dead load and capaci-ty live load.

11. Deck Beam Supports.—Inverted "T" rails, or bearings of steel,
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shall be set in the side walls of the pit with the center of bearings not

less than 6 inches from the inside face of the walls, but such bearings

shall not be fastened to transverse beams.

12. Beam Foundations.—The pillars supporting the beam shelf

shall rest upon a reinforced concrete floor, steel beams, or reinforced

concrete beams, but the pillars and supporting beams, if used, shall be

independent of the scale house floor, if of timber construction. When
it is necessary to install the scale beam in any building other than a

regulation scale house, the pillar supports shall rest on fouhdations

independent of the building unless the foundation of the building is

free from vibrations and settlement.

13. Safety Piers.—Suitable piers, columns, or other supports

should be provided to prevent excessive drop of the girders should

failure of the scale parts occur.

(XXII) SCALE BEAM HOUSE
1. Desigfn.—The minimum inside width of the scale house shall

be 4 feet, and the minimum length shall be sufficient to allow the

installation therein of a full-size beam shelf and regulation beam of

proper capacity for the scale, and self-recording attachment if used. It

shall be provided with a bay window, or front and end windows, located

with their sills about on a level with the top of the beam shelf, and

of sufficient size to give the weigher a clear and unobstructed view

of the scale deck and approaching cars, so that he can read the car

numbers and stenciled light weights when he is weighing. The win-

dows shall be glazed with clear glass, or clear wired glass, free from

bubbles or other imperfections.

2. Clearances.—The lateral clearance between the scale house and

the center of any track shall be not less than 7 feet 6 inches, or greater

if required by law or by the railway. A clearance of not less than 1

inch shall be provided between the inside of the scale house and the

beam supports and shelf.

3. Ventilation.—Where a scale beam house is not provided with

artificial heat, a ventilator in the roof shall be provided.

(XXIII) SETTING OF THE SCALE

1. Fastening of Stands.—After alining the stands, large washers

shall be applied to the anchor bolts, and the nuts brought down tight.

The anchor bolt holes in the castings shall then be filled with cement,

sulphur, or other suitable material.

2. Alinement.—All levers shall be level and connections plumb

throughout the scale.

(XXIV) SCALE WEIGH-BRIDGES

1. Type of Girders.—The girders shall be built of plates and
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angles and shall preferably be of the fish-belly type so as to reduce

the depth of the pit to reasonable limits.

2. Steel Specifications.—Material and workmanship shall conform

to the American Railway Engineering Association General Specifica-

tions for Steel Railway Bridges, punched and reamed work.

3. Size and Strength,—For 200-ton per section scales, the scale

weigh-bridge shall be designed for Cooper's E-70 loading, to which

shall be added a dead load of 1,500 lb. per linear foot of track. For

150-ton per section scales, the scale weigh-bridge shall be designed

for Cooper's E-60 loading, to which shall be added a dead load of

1,100 lb. per linear foot of track. To the maximum live load stresses

computed from the foregoing shall be added 60 per cent of the impact,

or dynamic increment of such live load, as determined by the following

formula:

300
I = SX

V
300 -f

100

18,000 X S
Is = 60 per cent of /, =

30,000 + L'

where / = the impact or dynamic increment specified by the A.R.E.A.

General Specifications for Steel Railway Bridges to be added

to the live load stresses,

/s = 60 per cent of /

5" = the computed maximum live load stress

L = the length in feet of the span

Under these loading conditions, the maximum resultant unit stresses

shall not exceed the following

:

Lb. per sq. in.

Axial tension, net section 16,000

/

Axial compression, gross section 15,000—50

—

r

but not to exceed 12,500
/= the length of the member in inches

r=:the least radius of gyration of the member
Tension in extreme fibers of rolled

shapes, built sections and girders,

net section 16,000

Tension in extreme fibers of pins 24,000
Shear in plate girder webs, gross section 10,000
Horizontal shear in flange angles of

girders 4,000
Shear in power driven rivets and pins. 12,000
Bearing on power driven rivets, pins,

outstanding legs of angle stiffeners,

and other steel parts in contact 24,000
Diagonal tension in webs of girders
and rolled beams at sections where
maximum shear and bending occur
simultaneously 16,000
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The above mentioned values for shear and bearing shall be reduced

25 per cent for countersunk rivets, hand driven rivets, and turned bolts.

4. Bracing.—Each weigh-bridge shall be designed to resist a

lateral force of 400 lb. per linear foot, plus four per cent of the sectional

capacity of the scale, uniformly distributed along the top of the

scale rail.

(a) Diagonal Bracing.—Diagonal bracing shall consist of not

less than 3" x 3" x ^s" angles.

(b) Transverse Bracing.—The ends of the weigh-bridge shall

be provided with transverse bracing, of which the section

modulus shall not be less than that determined by the

formula:

5- = J4 X (0.04C + 400L) X rf/10,000

where S = the section modulus

C = the sectional capacity in pounds

L = the length of the live rail in feet

d = the distance in inches from the knife-edge of the main

lever to the top of the scale rail.

Intermediate transverse bracing, of a section modulus not

less than that determined by the above formula, shall

also be provided, spaced not farther apart than the

distance between alternate stiffeners.

(c) Stiffeners.—Not less than two pairs of stiffener angles

shall be provided over each bearing of the girders and, in

addition, suitable angle stiffeners shall be used throughout

the length of the girders, spaced not farther apart than

the unsupported depth of the web plates. The ends of

these stiffeners shall be milled to fit the girder flanges

where bearing stress is transmitted from the stiffener to

the flange.

5. Fabrication and Assembly.—In order to avoid distortion,

weigh-bridges shall be assembled and riveted up complete with all

bracing, except lower flange transverse and diagonal bracing, in the

shop under proper inspection.

6. Scale Rail Pedestals.—The scale rails shall be carried on metal

pedestals spaced not over 30 inches, center to center, which shall be

mounted on metal ties or directly on the weigh-bridge. The tops of

the pedestals shall be machined. The bottoms of the pedestals shall

be machined unless type metal or equivalent is to be poured between

such bottoms and the surfaces supporting them.

7. Rails.—The weight of the scale rails shall not be less than 100

lb. per yard. Full length rails without splices should be used. In all

cases new rails shall be used and, where splices are necessary, they

shall be applied accurately.

8. Clearance Along Scale Rails.—The clearance between the scale

rails, or their pedestals, and the rigid deck shall be not less than V/2

inches. The openings shall be protected from the weather and dirt.



Yards and Terminals 609

(XXV) APPROACH RAILS

Positive means shall be provided to prevent- creeping of the ends

of approach rails and to maintain a clearance, which shall be not less

than J4 inch nor more than ^ inch, between the approach rails and

the scale rails unless some special means arc employed to reduce impact

when wheel loads pass from approach rails to scale rails. The effects

of rail creeping may be eliminated by the use of certain proprietary

devices now on the market, or by the use of switch points and bent

stock rails placed in the approach track in the same alinement and

plane with the scale rails. In all cases the fixed section of rail or

switch point next adjacent to the scale rail is to be securely fastened

to the approach wall by means of bolts anchored therein.

(XXVI) DECK
1. Type.—The deck or platform shall be of the fixed type, except

to meet special cases.

2. Construction.—The material for the deck shall be either rein-

forced concrete, wooden planking, or metal plates covered to prevent

slipping, and as impervious to water as practicable.

3. Clearances.—The clearance between the bottom of the fixed

deck beams or deck supports and the top of the weigh-bridge shall

he not less than two inches.

4. Strength.—When wooden planking is used for the deck, it shall

be supported by steel floor beams, spaced not over 30 inches, center

to center, each of which sliall have a section modulus of not less

than 14.

(XXVII) TRANSVERSE BEAMS SUPPORTING
APPROACH RAILS

* The transverse beams at each end of the scale shall each have

a section modulus of not less than 250 for 200-ton per section scales,

or 197 for 150-ton per section scales. The transverse beams shall be

securely fastened to the end walls of the pit.

(XXVIII) WEATHER AND DIRT SHIELDS

1. Weather Guards.—Substantial metal guards shall be provided

to cover the openings between the scale rails and the deck, to exclude

dirt, snow and rain. They shall be so designed and fastened in place

that they will be secure, but may be easily removed for inspection or

repairs, and will not interfere with the accuracy of the scale when
deflection of the weigh-bridge under capacity load occurs.

2. Dirt Shields.—Substantial metal shields shall be provided

throughout the pit, over all scale bearings and connections, applied

to the deck, structural steel or scale parts, to prevent water or dirt

falling into them or the accumulation of dirt or ice at points where

it would interfere with the action of the scale parts.
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(XXIX) LIGHT, DRAINAGE AND VENTILATION

1. Light.—Proper lighting of the scale weigh-beam, scale house,

scale deck and scale pit shall be provided.

2. Drainage.—The scale pit should be kept free from water by

adequate drainage.

3. Ventilation.—
(a) Requirement.—All scale pits shall be ventilated to meet

the needs of each particular case, the object being to have

the least possible amount of moisture in the pit to prevent

rusting of scale parts and structural steel.

(b) Automatic Natural Ventilation.—The following arrange-

ment is recommended for securing natural ventilation:

An opening should be made to the pit at each corner to

connect with flues which terminate near the bottom of the

pit, and another opening without flues extending down-

ward should be made into the pit at its top and near its

center. With such an arrangement circulation will always

tend to be set up by the air whenever the pit is warmer
or more moist than the outside. When the pit is cooler

or drier than the outside, circulation will tend automat-

ically to stop. When this is done, circulation will be

set up only when it will tend to dry the pit.

(XXX) ENTRANCE TO SCALE PIT

1. Location.—Entrance to scale pit for the purpose of inspection

shall be through either the floor of the scale house or the foundation

wall, and shall be closed by a suitable door so fastened as to prevent

entrance of unauthorized persons.

2. Hatches in Deck.—If it is desired to have hatches or openings

in the deck, except such as are provided for ventilation, they shall be

securely fastened from the inside of the pit.

(XXXI) PROTECTION FROM CORROSION

1. Shop Painting.—All scale parts and structural steel shall be

painted with one coat of red lead paint before leaving the factory. In

riveted work, the surfaces coming in contact shall be given one coat of

red lead paint before being riveted together. All parts inaccessible

after erection shall be given a second shop coat of red lead paint.

2. Field Painting.—Scales and structural steel work shall be

cleaned and painted with one coat, preferably two coats, of paint in

the field before installation.

REVISION OF MANUAL
Under the general heading "Revision of Manual," your Committee

presents certain new definitions and recommends revision of certain

parts of the 1921 Manual and Supplements thereto. Assuming that
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a new Manual will be issued in 1927, certain editorial changes are

contemplated in the subject matter, none of which, however, will

change the sense thereof. All material proposed changes and additions

are submitted herewith.

In connection with the changes recommended in the specifications

for small scales, adopted in 1923, attention is invited to the report and

discussion appearing in Volume 24 of the Proceedings. At that time

it was pointed out, and emphasized in the discussion, that the manu-

facturers were opposed to those parts of the specifications which

covered the loading factors, or corner ratings, for self-contained and

portable scales. It was also pointed out that the adoption of the then

proposed specifications and the purchase of scales conforming to them

would result in a larger cost per scale of given capacity than had

obtained per scale of the same alleged capacity produced up to that

time. In other words, the actual effect of the proposed specifications

would be to increase the actual strength (and, therefore, the cost) of

certain types of scales without increasing their nominal capacities.

Rather strong evidence has been presented to your Committee on

this question, from which it appears that the manufacturers, while not

in sympathy with parts of the adopted specifications, have nevertheless

been willing to furnish scales to conform thereto to any purchasers

who desired them. The difference in price between the "specification"

scales and the usual or regular lines of the various manufacturers was

unfavorable to "specification" scales for the reason already indicated,

and for the further and possibly more influential reason that the manu-

facturers felt that the number of "specification" scales produced, as

compared with a number of "regular" scales produced, made the manu-
facture of "specification" scales more or less "special." It is axiomatic

that a higher price must be paid for "special" items than is charged

for items that can be built on a production basis.

It further appears from the evidence presented to your Committee

that, in the four years since the adoption of the specifications referred

to, a considerable number of inquiries have been received by the manu-
facturers for "A.R.E.A. Specification" Self-Contained and Portable

Scales. The manufacturers submit that they have responded to such

inquiries by quoting on "specification" scales. However, it is a matter

of record that, in the case of the types mentioned, not a single "speci-

fication" scale has been ordered by, manufactured, or sold to any
railway, or to any other organization or person. In the same period

of time, a substantial number of these types of scales have been pur-

chased by railways, but from the manufacturers' usual or regular lines.

From these facts your Committee concludes that purchase of these

types of scales is being handled from more of a "price" standpoint

than was anticipated at the time of the adoption of the specifications.

Such being the case, it is obvious that the specifications, as at present

worded, are null.
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Your Committee's conception of the responsibilities of any body in

the preparation of a non-mandatory specification, appHcable only

through voluntary adoption by the interested parties, necessitates such

concessions by all concerned as will result in a standard, acceptable to

as many interests as possible. While your Committee is of the opinion

that the specification as adopted was and is a good specification, it is

evident that it is acceptable to neither the railways nor the manufac-

turers, and revisions are therefore recommended in the disputed sec-

tions. Certain minor changes which experience has demonstrated to

be advisable are also recommended.

DEFINITIONS

(Proposed Form—No corresponding definitions in present Manual).

Scale.—A mechanical device for weighing.

Railway Track Scale.—A scale especially designed for weighing railway

equipment.

Master Track Scale.—A track scale especially designed for the calibration

of railway test weight cars or for other special weighing where extreme

accuracy is required.

LOCATION, MAINTENANCE, OPERATION AND TESTING
OF RAILWAY TRACK SCALES

Present Form

SECTION I.—LOCATION

3.—Grade for Motion Weighing.

—

(a) Runoff Grade. — When a

scale is located on the lead tO' the

classification tracks in a hump yard

it shall be at such an elevation that

the cars will run by gravity as far

as desired in,t0' the classification yard
with a maximum speed of four miles

per hour over the scale.

(b) Approach Grade.—-The dis-

tance and grade from the apex of

the hump to the scale should be such
that the speed of free running cars

will not exceed four miles per hour
on the scale without brake applica-

tion ; and such that cars can be so

spaced and controlled that the weigh-
ing period of three seconds will not
be reduced.

(c) Grade of Live Rails.—Scales

to be used for motion weighing
should be constructed with the scale

rails on a gradient not greater than
one per cent. The weighing mechan-
ism must in all cases be installed in

Proposed Form

SECTION I.—LOCATION

3.—Gradients for Motion Weigh-
ing.

NOTE :—Attention is called to

the following provision of the "Na-
tional Code of Rules Governing the

Weighing and Re-Weighing of Car^
load Freight" — A.R.A. Circular

1433, May 29, 1914—approved by the

I.C.C, June 9, 1914—
"Rule 3-c.—Cars may be weighed

in motion only when uncoupled and
free at both ends and alone upon
scales properly designed for weigh-
ing in motion and in charge oi a

competent weighmaster."
(a) Gradients Above the Scale.

—The distance and gradients from
the apex of the hump to the higher

end of the scale should be so related

to the length of the scale and the

gradient of the scale rails that a

minimum weighing time per car

of three seconds will be secured
for free running cars.

(b) Gradients Across the Scale.
—The gradient of the scale rails
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a level plane, vvitli supports intro-

duced to fix weighinj^ rails on tlie

desired gradient.

(d) Grade for Weighing Cuts
OF Cars.—The grade of the track
for at least one car length in each
direction from the scale should be
the same as the grade over the

scale. Where it is the practice for
one car rider to take several cars
together into a classification track,

the same grade as on the scale

should be maintained for at least one
hundred and preferabl}- two hundred
feet beyond the scale so' that cars
may be stopped easily by the car
rider and so that the following cars
will not cause excessive impact when
striking the cars ahead. This should
occur not less than one car length
from the scale.

sliould not exceed one per cent, and
the gradient of the track for at least

ten feet in each direction from the

scale should be the same as that

of the scale rails.

(c) Gradients Below the Scale.
—The gradients of the track and the

lengths of such gradients below the

scale should be such that cars will

run by gravity as far away from the

scale as desired when their speed
over the scale does not exceed that

necessary to provide a weighing
period of three seconds. Where
local conditions make it advisable

for car riders to take cuts of two
or more cars intO' the classification

yard, the gradient of the scale rails

should extend for at least 100 and
preferably 200 feet below the scale

to enable weighed cars to be as-

sembled in cuts without excessive
impacts and to permit all cars in-

volved to be free of the scale when
impacts occur.

SPECIFICATIONS FOR THE MANUFACTURE AND INSTAL-
LATION OF MOTOR TRUCK, BUILT-IN. SELF-

CONTAINED AND PORTABLE SCALES
FOR RAILWAY SERVICE

Present Form

SECTION II—CAPACITIES
AND SIZES

1.

—

Capacity Defined. — The ca-

pacity of a scale is the weight of

the heaviest load it will weigh under

certain specified application of the

load, without developing stresses in

the members in excess of those here-

inafter specified.

(a) Motor Truck Scales.—They
shall be designed for loads on any
corner as follows

:

20,000 lb. capacity scale, 75 per

cent of the beam capacity ; 30,000

lb. capacity scale, 65 per cent of the

beam capacity ; 40,000 lb. capacity

scale, 62^ per cent of the l)cam ca-

pacity ; and for all scales 100 per

cent of the beam capacity of the

scale on either end. The above per-

centages of the capacity include the

weight of the weigh-bridge and deck.

Proposed Form

SECTION II—CAPACITIES
AND SIZES

Same.

Omit



614 Yards and Terminals

Present Form
(b) Built-In, Self-Contained

AND Portable Scales.—They shall

be designed for 75 per cent of the

rated capacity on any corner or 100

per cent of the rated capacity on any

two corners together with the entire

weight of the platforrn.

2.

—

Size Defined.— The size of

the scale is the width and length of

the platform on which the load is

applied.

3.

—

Capacities and Sizes Stand-
ardized.—The capacities and sizes

of the different types of scales, ex-

cept for special cases, shall be as

follows, with the understanding that

the term size has reference to the

dimensions of the platform and that

in stating these dimensions the di-

mension first given is that of the

side adjacent to the beam.

(a) Motor Truck Scales.—

Proposed Fonn

Capacity
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Present Form
lb. capacity scale, 65 per cent of the

beam capacity ; 40,000 lb. capacity

scale, 6214 per cent of the beam ca-

pacity ; and for all scales, 100 per

cent of the beam capacity of the

scale on either end. The above per-

centages of the capacity include the

weight of the weigh-bridge and deck.

(b) Built-In, Self-Coxtainf.i)
AND Portable Scales.—They shall

be designed for 75 per cent of the

rated capacity on any corner or 100
per cent of the rated capacity on any
two corners together with the entire

weight of the platform.

Prof'oscd Form

(b) Built-In Scales.—They shall

be designed for 75 per cent of the

rated capacity on any corner or 100

per cent of the rated capacity on any
two corners together with the entire

weight of the platform.

(c) Self-Contained and Port-
able Scales.—They shall be de-

signed for 25 per cent of the rated

capacity on any corner or 50 per

cent of the rated capacity on any
two corners together with the entire

weight of the platform.

SECTION VIII.— LEVER FUL-
CRUM STANDS

Same.

Same.
(c) Anchor Bolt Holes.—One

anchor bolt hole in the case of "A"
lever scales, and two or more anchor
bolt holes in the case of other scales,

not less than ly^ inches in diameter,

shall be provided in proper places

in the bases of all the stands, unless

other equally effective means for

anchorage is provided.

SECTION XX—FOUNDATIONS SECTION XX—FOUNDATIONS
Same.
Same.
3.

—

Dimensions of Pit. — For
motor truck and built-in scales the
size of the pit shall be such as to
give a vertical clearance Ijctween the
scale levers and the finished floor of
the pit of not less than 2 ft., and a
horizontal clearance between the face
of the pit walls and the scale parts

below the platform, or below the

weigh-bridgc girders, if any, and
above the bases of the stands, of
not less than 4 in. for motor truck
scales and l]^ in. for built-in scales.

SECTION VIII. — LEVER FUL-
CRUM STANDS

1.

—

Design.—
(a) Height of Stands and Area

of Bases.
(b) Stands, Position on Bases.
(c) Anchor Bolt Holes.—Two

or more anchor bolt holes, not less

than one and one-half inches in

diameter, shall be provided in proper
places in the bases of all the stands,

unless other equally effective means
for anchorage is provided.

1 .

—

Material.
2.

—

Bearing Area.
3.

—

Dimensions of Pit. — For
motor truck and built-in scales the

size of the pit shall be such as to

give a vertical clearance between
the scale levers and the finished

floor of the pit of not less than two
(2) feet, and a horizontal clearance
between the face of the pit walls and
the scale parts below the platform,
or below the weigh-bridge girders,

if any, and above the bases of the

stands, of not less than four (4)
inches.
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Appendix D

(4) FREIGHT TERMINALS

J. E. Armstrong, Chairman, Sub-Committee; J. R. W. Ambrose, C. E.

Armstrong, C. H. Blackman, H. F. Burch, W. A. Christian, O. H.

Frick, J. V. Hanna, H. C. Tames, Jr., D. B. Johnston, C. P. McCaus-

land, W. H. Whitenton, J. G. Wishart.

Your Sub-Committee now presents the material in regard to Freight

Terminals which it recommends should be included in the new Manual.

It is assumed that all definitions will be assembled in one part of that

Manual, and that the conclusions of the Yards and Terminals Committee

as to Terminals will be divided under the two general headings "Freight

Terminals" and "Passenger Terminals."

Part I of this report includes revisions of the present definitions, and

new definitions in regard to Freight Terminals.

Part II combines into a consistent whole the conclusions in regard to

Freight Terminals now in the 1921 Manual and Supplements, as revised

in the report commencing on page 481 of Vol. 25 of the Proceedings, and

the information submitted in the 1926 report of this Sub-Committee,

which appears as Appendix C of the Yards and Terminals Committee

report commencing on page 371 of Vol. 27 of the Proceedings.

Your Sub-Committee recommends the adoption of the definitions

and conclusions appearing in the following right-hand column in addition

to or in substitution for the definitions and conclusions appearing in the

left-hand column. Conclusions marked * are based on the 1926 report of

this Sub-Committee.

FREIGHT TERMINALS

\ Part I

DEFINITIONS

Present Form Proposed Form

Assisting Grade.—No change ex- Assisting Gradient.—The inclina-

cept in title. tion given to tracks of a yard to

facilitate the movement of cars

Incline.-—An inclined track (or Incline.—An inclined track or
tracks) at a protected landing tracks and their supporting struc-

place, with adjustable apron and ture leading to the adjustable

cable for connecting to the tracks apron or bridge at a transfer

on a transfer boat. slip.

Terminal.-—An assemblage of fa- Terminal.—An assemblage of fa-

cilities provided by a railway at cilities provided by a railway at

a terminus or at intermediate a terminus, or at intermediate

points on its line for the purpose points on its line, for the purpose

of assembling, assorting, classify- of receiving, sorting, classifying,

ing and relaying trains. assembling and dispatching trains.
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Present Form

Freight Terminal.—The arrange-
ment of terminal facilities for the

handling of freight traffic.

Passenger Terminal.—The ar-

rangement of terminal facilities

for the handling of passenger
traffic.

Rail and Water Terminal.—

A

terminal where freight is trans-

ferred between railway cars and
boats.

Track Committee Definition.—
No change.

New.

No change.

New.

New.

New.

No change.

New.

No change.

New.

No change.

New.

Proposed Form

-Freight.—A terminal provided
for handling freight traffic.

-Passenger.—A terminal provided
for handling passenger traffic.

—Rail and Water.—A terminal

where traffic is transferred be-

tween railway cars and boats.

Track.—Ties, rails and fastenings

with all parts in their proper re-

lative positions.

—Bad Order.—A track on which
bad order cars are placed either

for light running repairs or for

subsequent movement to repair

tracks.

—Body.—Each of the parallel tracks

of a yard upon which cars are

switched or stored.

—Caboose.—A track on which ca-

booses are held in a yard.

—Capacity.—The number of cars

that can stand on that track in

the clear.

—Classification.—One of the body
tracks in a classification yard, or

a track used for classification

purposes.

—Crossover.—A track connecting

two adjacent tracks.

—Departure.—One of the body
tracks in a departure yard, or a

track used for departure pur-

poses.

—Drill.—A track connecting with

the ladder track and used for

movements in yard switching.

—Hold.—One of the body tracks in

a hold yard or a track used for

hold purposes.

—HousE.^—A track alongside of, or

entering a freight house, and used
for cars receiving or delivering

freight at the house.

—Icing.—A track on which cars arc

placed for icing.
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Present Form

No change.

Interchange Track.—A designated
track on which cars are delivered

or received, as between railroads.

No change.

No change.

Proposed Form
—Track—
—Industrial.—A track serving one

or more industries.

—Interchange.—A track on which
cars are delivered or received, as

between railways.

—Ladder.—A track connecting suc-

cessively the body tracks of a

yard.

—Lead.—An extended track con-
necting either end of a yard with
the main track.

Siding.—No change except in title. ^Passing.—A track auxiliary to

the main track for meeting or
passing trains, limited to the dis-

tance between two adjacent tele-

graph stations.

New.

New.

New.

No change.

New.

New.

New.

Spur Track.—A stub track of in-

definite length diverging from a
main line or track.

New.

No change.

Team Track.—A track where
freight is transferred directly be-

tween cars and wagons.

-Receiving.—One of the body
tracks in a receiving yard or a

track used for receiving trains.

-Repair.—A track on which cars

are placed for repairs.

-Rider.—^A track in a hump yard
on which a conveyance is oper-
ated for returning car riders to

the summit of the hump.

-Running.—A track reserved for

movement through a yard.

-Scale.—A track leading to and
from and passing over a track

scale.

-Side.—A track auxiliary to the

main track for purposes other
than for meeting and passing
trains.

-Sorting.—One of the body tracks

in a sorting yard or a track used
for sorting purposes.

-Spur.—A stub track diverging
from a main or other track.

-Storage.—One of the body tracks

in a storage yard or a track used
for storage purposes.

-Stub.—A track connected with
another one at one end only.

-Team.—A track on which freight

is transferred directly between
cars and highway vehicles.
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Present For,

Xew.

Xo change.

No change.

No change.

Standing Capacity of Yards.—The
total length in feet of all tracks

in a yard (except main running
tracks) divided by 42 feet.

Working Capacity of Yards.—The
maximum number of cars that

can be despatched from a yard in

a 24 hour period with resulting

efficiency in yard service and
train service.

No change.

No change.

New.

Xew.

Proposed form

—Track—
—Transfer.—A track so located

with respect to other tracks and
to trans fering facilities as to facil-

itate the transfer of lading from
one car to another.

—Wye.—A triangular arrangement
of tracks used for turning en-

gines, cars or trains.

Transfer Slip.—A protected land-

ing place for transfer boats with

adjustable apron or bridge for

connecting tracks on the land

with those on the transfer boats.

Yard.—A system of tracks within

defined limits provided for mak-
ing up trains, storing cars, and
other purposes, over which move-
ments not authorized by time

table or by train-order may be

made, subject to prescribed sig-

nals, rules and regulations.

—Capacity—Standing.—The sum
of the capacities of all the tracks
in that yard on which cars may
be permitted to stand.

Working.—The maximum
number of cars that can be reg-

ularly despatched from that yard
in 24 hour periods.

-Classification.—A yard in which
cars are classified or grouped in

accordance with requirements.

-Departure.—A yard in which
cars are assembled in trains for

forwarding.

-Flat.—A yard in which the

movement of cars is accomplished
by a locomotive without material
assistance by gravity.

Double.—A flat yard de-
signed as two adjacent or sepa-

rate units, each unit to handle
traffic in a single direction op-
posite to that of the traffic

handled in the other unit.

Single.—A flat yard designed
as a single unit to handle traffic

in both directions.
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No change.

Holding Yard.—A convenient relief

yard for holding cars or trains

for immediate use.

Summit or Hump Yard.—A yard
in which the movement of cars is

accomplished by pushing them
over a summit, beyond whicli they

run by gravity.

No change.

No change.

No change.

No change.

Switching District.—That portion
of a railway at a large terminal
into which cars are moved, and
from which they are distributed

to the various sidetracks and
. spurs to freight houses and manu-
facturing establishments served
from this district by yard or
switching engines.

Separating Yard.—A yard adjoin-
ing a receiving yard, in which
cars are separated according to

district, commodity, or other re-

quired order.

Relief Track.—An extended siding

long enough to allow an inferior

train to continue running.

Lighterage Pier.^Au open or cov-
ered pier at which freight is

transferred directly between cars

and boats.

Export Pier.—A pier at which
freight is unloaded and stored,

mainly for shipment on ocean or

coasting vessels.

Station Pier.-—A pier having no
rail connections, where freight is

received and delivered by transfer

boats.

Coal Pier.—An open pier where
coal is transferred from cars to

vessels or barges.

Proposed Form
—Yard—
—Gravity.—A yard in which the

classification of cars is accom-
plished by gravity.

—Hold.—A relief yard for holding
cars or trains convenient for im-

mediate use.

—

Hump.—A yard in which the

classification of cars is accom-
plished by pushing them over a

summit, beyond which they run
by gravity.

—Poling.—A yard in which the

movement of cars is accomplished
by the use of a pole operated by
an engine on an adjacent parallel

track. '

—Receiving.—A yard for receiving

trains.

—Sorting.—A yard in which cars

are classified in greater detail

after having passed through a

classification yard.

—Storage.—A yard in which cars

are held awaiting disposition.

Omit.

Omit.

Omit.

Omit.

Omit.

Omit.

Omit.
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FREIGHT TERMINALS

Part II

CONCLUSIONS

Present I'orm Proposed Form

FREIGHT YARDS
General

*1. Freight Yards are essentially

supplementary units and should be

so designed and operated in rela-

tion to each oilier and to the lines

tributary to them as to give the

most economical results for the

railway as a whole. (Vol. 27, pp.

371, 1329; Vol. 28, pp. —.)

*2. The Number of Yards should

be as small as is consistent with
the efficient handling of traffic.

(Vol. 27, pp. 371, 1329; Vol. 28,

pp. —.)

*3. An Existing Yard Which Is

Inadequate to handle the existing

or immediately prospective traffic

should be enlarged, or redesigned
and rebuilt, or abandoned in favor
of a yard in a different location,

according to which of these alterna-

tives will result in the greatest

economy. (Vol. 27, pp. 371, 1329;

Vol. 28, pp. —.)

*4. An Additional Yard is war-
ranted only when it will result in

greater economy than enlargemeiU
or reconstruction of, or substitution

of a new yard for an existing yard
or yards. (Vol. 27, pp. 371, 1329;

Vol. 28, pp. — .)

*5. The Type of Yard which
should be adopted in any given case
depends upon the traffic to be

I
handled through it.

(a) A Single Flat Yard is

adapted for handling traffic

where the total number of

cars is small and the num
l)er of switching cuts per
train is also small. (Vol.

27, pp. 371, 1329; Vol. 28,

pp. —.)
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Present Form

It is recommended that 42 feet

per car be allowed in rating the
car capacity of freight tracks.

(Vol. 6, pp. 579, 592; Vol. 11, pp.
1262, 1309.)

In computing working capacity of
repair tracks 50 feet should be al-

lowed for each car. (Vol. 3, pp.
259, 280; Vol. 11, pp. 1262, 1309.)

As a rule it is better to arrange
the main track or tracks along one
side of the yard than to locate the
Eastbound (or Southbound) and

Proposed Form

(b) A Double Flat Yard is

adapted for handling traffic

where the total number of

cars is large but the num-
ber of switching cuts per
train is small. (Vol. 27, pp.

371, 1329; Vol. 28, pp. —.)

(c) A Gravity Yard or a Hump
Yard is adapted for handling
traffic where the total num-
ber of cars is large and the

number of switching cuts

per train is also large—also

in special cases where the

total number of cars is rela-

tively small but normally
received in a short period of

time, and the number of

switching cuts per train is

large arid must be made
promptly so as to pass the

cars through the yard in a

limited time. (Vol. 27, pp.

371, 1329; Vol. 28, pp. —.)

*6. Future Expansion of a yard
should be so provided for that the
number and length of the tracks in

it may be increased as required with
a minimum of interference with
operation or relocation of existing
trackage. (Vol. 27, pp. 371, 1329;
Vol. 28, pp. —.)

*7. The Total Standing Capac-
ity of the receiving, classification

and departure tracks may be rough-
ly assumed to be about equal to

the working capacity of the yard.
(Vol. 27, pp. 371, 1329; Vol. 28,

pp. —.)

8. In Computing Car Capacity
45 feet per car should be allowed
for all freight car tracks other than
repair tracks, for which 55 feet per
car should be allowed, in order to

provide room for working around
the ends of cars. (Vol. 28, pp. —.)

9. Main Tracks should not pass
through a yard. (Vol. 28, pp. —.)
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Present Fonn

Westbound (or Northbound) yards
on opposite sides of the main track.

Another arrangement is to spread
a double track main line and to

place the yard between the two
tracks, thus avoiding a crossing of
main track to reach the yard. (Vol.

25, pp. 481, 1309.)

The location of the mechanical
plant should be such that the ag-
gregate mileage run by all locomo-
tives in moving between it and the

receiving yard and the departure
yard will be a minimum. (Vol. 26,

pp. 717, 1394.)

The engine terminal should be so

located as to afford easy access to

both main line and yards, with the
fewest possible reverse or conflict-

ing movements. (Vol. 13, pp. 91,

947.)

The facilities provided should be
arranged to permit of the most
direct and rapid handling of an
engine in its terminal in the order
of its needs. (Vol. 13, pp. 91,

947.)

For yard lighting the use of
nitrogen lights of 1500 watts capac-
ity, equivalent to about 2200 candle
power, is recommended. (Vol. 9,

pp. 541, 5&4; Vol. 11, pp. 1264, 1309;
Vol. 16, pp. 959, 1189.)

For lighting hump and ladder
tracks, the lamps should be spaced
140 to 150 feet apart and hung 28
feet, or more, above the tracks.

(Vol. 9, pp. 541, 584; Vol. 11, pp.
1264, 1309.)

For lighting body tracks, the
spacing should be such that cars
will be clearly visible. (Vol. 9, pp.
541, 584; Vol. 11, pp. 1264, 1309.)

Flood lights erected on lofty

points are used extensively to give
more diffused lighting than that of
ordinary lamps. These lights may
be mounted on poles or towers near
and along the throat of the yard
or on engine houses, bridges, coal-

ing -stations or other convenient
elevated points. (Vol. 25, pp. 482,

1309.)

Proposed Form

10. The Locomotive Terminal
should be so located that the aggre-
gate mileage run by all locomotives
in moving between it and the vari-

ous points in the yard, or between
it and the main track, will be a
minimum, and that it will be easy

of access from both the yard and
the main track with a minimum of

reverse or conflicting movements.
(Vol. 28, pp. —.)

11. Facilities in the Locomo-
tive Terminal should be arranged
to permit of the most direct and
rapid handling of locomotives.
(Vol. 28, pp. —.)

12. Yard Lighting by Individ-
ual Lamps may be accomplished
with 1500 watt nitrogen lamps,
spaced 140 to 150 feet apart and
hung 28 feet, or more, above the
tracks for hump and ladder track
lighting, and, for body track light-

ing, spaced and hung as required
to make all cars clearly visible.

(Vol. 28, pp. —.)

13. Yard Lighting by Flood
Light Projectors may be accom-
plished either by lights arranged in

groups on towers approximately 85
ft. in height, or by distributing
these lights through the yard on
poles 55 to 70 ft. in height, in

which case the light "beam should
be directed parallel to the tracks
and in the direction of traffic or
diagonally across the tracks against
the direction of traffic. (Vol. 28,

pp. —.)
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For average conditions it is rec-

ommended that No. 8 frog be the

sharpest used in classification yards.

(Vol. 7, pp. 152, 168; Vol. 11, pp.

1264, 1309.)

The angle between the ladder
track and body tracks will be gov-
erned by the distance on ladder

track required for a turnout. (Vol.

2, pp. 44, 46; Vol. 6, pp. 562, 592;
Vol. 11, pp. 1258, 1309.)

Ladder tracks should be spaced
not less than 15 feet center to cen-

ter from any parallel track. (Vol.

2, pp. 44, 46; Vol. 6, pp. 562, 592;
Vol. 11, pp. 1258, 1309.)

Under ordinary conditions body
tracks should be spaced 13 feet to

14 feet center to center, and where
they are parallel to main track or
other important running track, the

first body track should be spaced
not less than 15 feet center to cen-

ter from such main or other im-
portant track. (Vol. 2, pp. 43, 46;
Vol. 6, pp. 561, 592; Vol. 11, pp.

1258, 1309.)

The number of tracks in the re-

ceiving yard should be such that

there will be a track available for

receiving an arriving train when it

offers to enter the yard. (Vol. 26,

pp. 717, 1394.)

Receiving tracks should be suffi-

cient in number to hold a number
of trains arriving in quick succes-

sion. The number will depend on
the amount and character of traffic

handled, and upon the relative loca-

tion of the yard with respect to the

other yards and connections. (Vol.

7, pp. 152, 168; Vol. 11, pp. 1263,

1369.)

The length of the tracks in the

receiving yard should be such that

each track will accommodate a
complete train including one or
more assisting locomotives where
such locomotives are used. (Vol.

26, pp. 717, 1394.)

14.

Proposed Form

Frogs of greater angle than*

No. 8 should not be generally used.

(Vol. 28, pp. —.)

15. The Angle Between a Lad-
der Track and the Body Tracks
should be not less than the angle
of the frogs used in the ladder
track, and not more than will pro-

vide the distance on the ladder

track required for the length of

turnout used. (Vol. 28, pp. •—.)

16. Ladder Tracks Should Be
Spaced not less than 15 feet center

to center from any parallel track,

and when such parallel track is an-

other ladder track, they should be
spaced not less than 18 feet center
to center. (Vol. 28, pp. —.)

17. Body Tracks Should Be
Spaced not less than 13 feet center
to center, and when parallel to a
main track or important running
track, the first body track should
be spaced not less than 15 feet cen-
ter to center from such track.

Vol. 28, pp. —.)

Receiving Tracks

18. The Number of receiving
tracks should be such that there
will be one available whenever an
arriving train offers to enter the

yard. (Vol. 28, pp. —.)

19. The Length of receiving

tracks should be such that each will

accommodate a complete train, in-

cluding assisting locomotives where
used. (Vol. 28, pp. —.)
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Receiving tracks should be of
sufficient length to hold maximum
trains of the various classes

handled. (Vol. 7, pp. 152, 168; Vol.

11, pp. 1263, 1309.)

The gradient of the tracks in the

receiving yard, if adverse to the

forward movement of a train,

should be less than the ruling

gradient encountered by that train

during its road trip. (Vol. 26, pp.
717, 1394.)

If it is possible, tne grades of
the receiving tracks should be such
that one engine can push the maxi-
mum train over the hump. (Vol.

7, pp. 152, 168; Vol. 11, pp. 1263,

1309.)

Compressed air at suitable pres-

sure should be piped into the re-

ceiving yard. (\^ol . 26, pp. 717,

1394.)

The yard should be equipped with
air and water pipes, and outlets fur-

nished with air hose should be pro-
vided at intervals of 50 ft. for test-

ing the brakes on cars. (Vol. 3,

pp. 259, 280; Vol. 11, pp. 1263,

1309.)

No definite recommendation can
be made as to length or number
of classification tracks, except that

when they are to be used as de-
parture tracks they should be long
enough to hold full trains ; and that

when conditions permit there should
be as many of them as can be used

to advantage to avoid subsequent
classification and consequent delav.

Vol. 7, pp. 152, 168; Vol. 11, pp.

1263, 1309.)

Proposed Form

20. The Gradient of receiving

tracks, if adverse to the forward
movement of a train, should be at

least 20% less than the ruling
gradient encountered by that train

during its road trip. (Vol. 28,

pp. —.)

21. In a HuAtp Yard the gradi-

ent of the receiving tracks and the

tracks leading to the summit of the

hump should be such that one loco-

motive can push ihe maximum train

over the hump at the required speed.

(Vol. 28, pp. — .)

22. Compressed Air at suitable

pressure should be piped along the

receiving tracks and provided with
sufficient outlet to permit of testing

the air brake equipment on the cars

of all arriving trains. (Vol. 28,

pp. —.)

Classification Tracks
*23. The Number of classifica-

tion tracks should be such that

there will be at least one available
for each classification to be made
in the vard. (Vol. 27, pp. 371,

1329; \'()!. 28, pp. —.)

24. The Length of classification

tracks should be such that each will

normally hold all accumulated cars
of the assigned classification until

they are to be moved off the classi-

fication track under normal opera-
tion. (Vol. 27, pp. 371, 1329; Vol.

28, pp. -.)

*25. In a Hlmp Yard where cars

of single classifications accumulate
rapidly enough to permit of for-
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Additional sorting of cars by flat

switching at the far end of the
classification yard from the hump
should be avoided wherever pos-
sible on account of the danger of
collision between cars being so
shunted and those moving by grav-
ity from the hump. (Vol. 23, pp.
83, 1029; Vol. 25, pp. 483, 1309.)

When resorting of cars becomes of
considerable magnitude, the number
of tracks in the classification yard
should be increased, or when this

is prevented by topographical or
other limitations, the mixed cuts

should be reclassified by a second
movement over the hump. (Vol.

23, pp. 83, 1029; Vol. 25, pp. 483,

1309.)

When the amount of business will

not permit of re-humping cars, re-

lief may be secured by building a
flat sorting yard so located that cuts

may be pulled from the classifica-

tion yard by a sorting engine, re-

sorted into these tracks, reas-

sembled, and moved directly into

the departure yard. If in any case
the amount of re-sorting to be done
should attain such magnitude that

flat switching in this manner is no
longer economical, a second hump
yard, tributary to all or any part
of the classification yard and locat-

ed between the classification yard
and the departure yard in such a
manner as to permit of re-humping
cars without interfering with the

operation of the main hump, might
be considered. The number and
length of tracks required in a sort-

ing yard depends upon the amount
of re-sorting to be done and the
number of secondary classifications

to be made. (Vol. 23, pp. 83, 1029;
Vol. 25, pp. 483, 1309.)

Proposed Form

warding them in whole trains, the
classification tracks may be used as
departure tracks with their lengths
determined accordingly. (Vol. 27,

pp. 371, 1329; Vol. 28, pp. —.)

26. Sorting of Cars in a hump
yard by flat switching at the lower
end of the classification tracks
should be avoided. (Vol. 28, pp.

27. Considerable Sorting of
Cars in a hump yard is an indica-
tion of an insufficient number of
classification tracks, and when this

disability cannot be overcome, the
mixed cuts may be reclassified over
the hump. (Vol. 28, pp. —.)

Sorting Tracks

28. The Location of the Sort-
ing Yard should be such that mixed
cuts may be moved from the classi-

fication yard, sorted, and moved
directly to the departure yard with-
out interfering with the operation
of the main hump. (Vol. 28,

pp. —.)

29. A Flat Sorting Yard is re-

quired when the amount of sorting
to be done is too great to be
handled on the departure tracks,
and when the amount of business
will not permit of re-humping
mixed cuts. (Vol. 28, pp. —.)

30. A Hump Sorting Yard may
be required when the amount of
sorting to be done is greater than
can economically be handled in a
flat sorting yard. (Vol. 28, pp. —.)

31. The Number and Length
of sorting tracks depends upon the
amount of sorting and the number
of secondary classifications, and
may be determined in the same
manner as the number and length
of classification tracks. (Vol. 28,

pp. —.)
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The number of tracks in the de-

parture yard should be such that

there will be a track available for

assembling a departing train when
necessary. (Vol. 26, pp. 717, 1394.)

Departure tracks should be full

train length and of sufficient num-
ber to provide ample standing room
for trains while being tested for

air, and while waiting for engines.

(Vol. 7, pp. 152, 168; Vol. 11, pp.

1263, 1309.)

The length of the tracks in the

departure yard should be such that

each track will accommodate a com-
plete train including one or more
assisting locomotives where such
locomotives are used. (Vol. 26, pp.

717, 1394.)

The gradient of the tracks in the

departure yard, if adverse to the

forward movement of a train

should be less than the ruling

gradient encountered by that train

during its road trip. (Vol. 26, pp.

717, 1394.)

Where it is possible to econom-
ically construct a classification yard
of sufficient length and number of

tracks to permit of using it as a

departure yard without interfering

materially with its operation as a
classification yard, a departure yard
is not required and is an undesir-

able addition to the layout. (Vol.

23. pp. 83, 1029; Vol. 25, pp. 483,

1309.)

When the volume of traffic is

such as to require the constant use
of the ma.ximum economical classi-

fication yard or when the tracks in

the classification yard are shorter

than the usual road train and can-

not or should not be extended, a

departure yard for the purpose of

combining short cuts from several

classification tracks into a single

road train, and for the purpose of

storing this road train during the

interval between its assembly and
the time of its departure, is of very

great advantage in relieving con-
gestion in the classification yard,

and in minimizing terminal delays.

(Vol. 23, pp. 83. 1029; Vol. 25, pp
483. 1309.)

Proposed Form

Departure Tracks

32. The Number of departure
tracks should be such that there
will be one available for assembling
a departing train whenever neces-
sary. (Vol. 28, pp. —.)

33. The Length of departure
tracks should be such that each will

accommodate a complete train in-

cluding assisting locomotives where
used. (Vol. 28, pp. —.)

34. The Gradient of departure
tracks, if adverse to the forward
movement of a train, should be at

least 20% less than the ruling gradi-

ent to be encountered by that train

during its road trip. (Vol. 28,

pp. —.)

35. In a Hump Yard where cars

of single classifications accumulate
rapidly enough to permit of for-

warding them in whole trains, the

classification tracks may be used as

departure tracks, with their lengths
determined accordingly, until such
time as departure tracks must be
provided to hold accumulated trains

and thus afford relief for the classi-

fication tracks; but where cars of
single classifications do not accum-
ulate rapidly enough to permit of
forwarding them in whole trains,

and each train must normally be
made up of a number of different

classifications, separate departure
tracks should be provided to permit
of building short classification

tracks and to facilitate assembling
different classifications into a single

train. (Vol. 28, pp. —.)
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When a departure yard has been
installed it may also be economical-
ly used for a certain amount of
additional sorting of cars by flat

switching after they have had a
preliminary classification over the

hump. It should not, however, be
installed primarily for this purpose.
(Vol. 23, pp. 83, 1029; Vol. 25, pp.

483, 1309.)

Compressed air at suitable pres-

sure should be piped into the de-
parture yard. (Vol. 26, pp. 717,

1394.)

An air brake testing plant should
be provided in the receiving and
departure yards. Pipes should be

laid along the tracks and sufficient

outlets furnished, with hose, to test

air brakes on all trains. (Vol. 11,

pp. 1263, 1309.)

The yard should be equipped with
air and water pipes, and outlets

furnished with air hose should be
provided at intervals of 50 feet for

testing brakes on cars. (Vol. 3, pp.

259, 280; Vol. 11, pp. 1263, 1309.)

Repair Tracks

These tracks should preferably be
connected at both ends and have a
maximum capacity of about 15 cars

each, spaced alternately 16 feet and
24 feet center to center and be con-
nected conveniently to bad order
tracks. (Vol. 2, pp. 45, 46; Vol. 3,

pp. 259, 280; Vol. 6, pp. 563. 592;
Vol. 11, pp. 1259, 1309; Vol. 16, pp.

958, 1189.)

In computing working capacity of
repair tracks 50 feet should be al-

lowed for each car. (Vol. 3, pp.

259, 280; Vol. 11, pp. 1262, 1309.)

Freight car repair yards should

be composed of short tracks of

about fifteen cars capacity, arranged
in pairs. Each pair should be
spaced 16 feet center to center of
tracks and the pairs should be

spaced 40 feet center to center of
pairs. (Vol. 2, pp. 45, 46; Vol. 3,

pp. 259, 280; Vol. 6, pp. 563, 592;
Vol. 11, pp. 1259, 1262, 1309.)

Proposed Form

36. Sorting of Cars in a hump
yard may be economically accom-
plished by flat switching on the de-
parture tracks, but departure tracks
should not be installed primarily for
this purpose. (Vol. 28, pp. —.)

37. Compressed Air.—At suitable

pressure should be piped along the

departure tracks and provided with
sufficient outlets to permit of testing

the air brake equipment on the cars

of all departing trains. (Vol. 28,

pp. —.)

Repair Tracks

38. The Location of repair
tracks should be such that the con-
nection from the bad order tracks
will be as direct and as simple
in alignment as practicable, that
switching the repair tracks will not
interfere with other work going on
in the yard, and that repaired cars
may readily be returned to the re-

ceiving, classification or departure
tracks as required. (Vol. 28, pp.
-)

39. The Capacity of the indi-

vidual repair tracks should not ex-
ceed a maximum of 15 cars each
and in computing this capacity 55
feet should be allowed for each car.

(Vol. 28, pp. —.)

40. The Spacing of repair tracks
should be alternately 16 feet and 24
feet center to center, and they
should preferably be connected at

both ends. (Vol. 28, pp. —.)
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A material supply track should
be placed in the space between each
pair of tracks. (Vol. 3, pp. 259,

280; Vol. 11, pp. 1262, 1309.)

Tracks on which heavy repairs

to freight cars are made should be

under cover and cranes provided
for heavy lifting. (Vol. 11, pp.

1263, 1309; Vol. 16, pp. 958, 1189.)

Bad Order Tr.\cks.—Where cars

are classified, one or more classi-

fication tracks easy of access, should

be provided for setting off cars in

bad order from which they may be

readily removed to the repair

tracks. (Vol. 2, pp. 45, 46; Vol. 6,

pp. 571, 592; Vol. 11, pp. 1259,

1309.)

Caboose Tracks should be so

located that cabooses can be placed
on or removed from them in the

order of their arrival. Where con-
ditions permit these tracks should
be so constructed that caboose can
be dropped by gravity on to the

rear of trains made up for depart-
ure. (Vol. 2, pp. 44, 46; Vol. 6,

pp. 571, 592; Vol. 11, pp. 1259,

1309 ; Vol. 12, pp. 236, 263 ; Vol. 25,

pp. 481, 1309.)

The connection between the re-

ceiving yard or the departure yard
and the main track should be as

direct and as simple in alignment
as practicable. (Vol. 26, pp. 717,

1394.)

Crossover tracks should be locat-

ed at most convenient points where
they will least interfere with reg-

ular movements. (Vol. 2, pp. 44,

46; Vol. 6, pp. 571, 592; Vol. 11,

pp. 1259, 1309.)

Drill tracks should be free of
interference from other movements
and from obstructions to a clear

view between the engineman work-
ing on the drill track and the

switchmen working along the lad-

der track. (Vol. 2, pp. 44, 46; Vol.

Proposed Form

41. A Material Supply Track
should be placed between the repair

tracks which are spaced 24 feet

center to center. (Vol. 28, pp. —.)

Omit.

Miscellaneous Tracks

42. Bad Order Tracks should
be provided as required to accom-
modate the bad order classification

and should be so located as to be
convenient of access both for set-

ting out bad-order cars and for

moving these cars to the repair

tracks. (Vol. 28, pp. —.)

43. Caboose Tracks should be

so located that cabooses can be
placed on and removed from them
in the order of their arrival, and
should preferably be so constructed

that cabooses can be dropped by
gravity on to the rear of trains

made up for departure. (Vol. 28,

PP —)

44. Connections to the Main
Track from the receiving or de-

parture tracks should be as direct

and as simple in alignment as prac-
ticable. (Vol. 28, pp. —.)

45. Crossover Tracks should be
provided as required to facilitate all

normal and regular movements in

the yard or between the yard and
the main track, and their location

should be such as to cause a mini-
mum of interference between dif-

ferent movements which it may be
desirable to make simultaneously.
(Vol. 28, pp. —.)

46. Drill Tr/\cks should be so

located that movements on them
will cause a minimum of interfer-

ence with other work being done
in the yard and with road trains

pulling into or out of the yard, and
that an engineman working on the
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6, pp. 570, 592; Vol. 11, pp. 1259,

1309; Vol. 25, pp. 481, 1309.)

Icing tracks should be so located
that the work of placing icing and
removing cars can be performed in

the least time. Requirements will

be dififerent where solid trains are
iced during transit, and where in-

dividual cars have to be collected,

iced and classified. (Vol. 2, pp. 45,

46; Vol. 6, pp. 571, 592; Vol. 11,

pp. 1259, 1309; Vol. 25, pp. 481,

1309.)

Lead Tracks.—To facilitate train

movements the connections of these

tracks with the main track should
be interlocked. To facilitate and
protect train movements means of
direct communication should be
established. (Vol. 2, pp. 44, 46;
Vol. 6, pp. 570, 592; Vol. 11, pp.

1259, 1309; Vol. 12, pp. 236, 263.)

A pulling in or a pulling out
track, or both, somewhat longer
than a maximum train length, or
an inbound or outbound freight

running track, or both, extending to

or beyond the first telegraph office

outside of the terminal yard and
operated as a freight main track,

should be provided as required.

(Vol. 26, pp. 717, 1394.)

Running tracks should be provid-
ed for movements in either direction

to enable yard engines to pass free-

ly from one position of the yard
to the othec; also to enable road
and yard engines to pass to and
from the engine house and .other
points where facilities are provided.

(Vol. 2, pp. 44, 46; Vol. 6, pp. 570,

592; Vol. 11, pp. 1259, 1309.)

Special engine running tracks

should be provided and so arranged
as to eliminate, in so far as prac-
ticable, all conflict between these

movements and all other work
being done in the yard. (Vol. 26,

pp. 717, 1394.)

Scale tracks should be so located

that weighing can be done with
least delay and without drilling

over scale. Where many cars are

to be weighed they should pass

Proposed Form

drill track will have a clear view
of the switchmen working along
the ladder track. (Vol. 28, pp. —.)

47. Icing Tracks should be so
located as to permit of icing cars
as required in a minimum of time.
(Vol. 28, pp. —.)

48. Lead Tracks somewhat
longer than a maximum train

length, or freight main tracks ex-
tending to or beyond the first tele-

graph office outside of the yard, in

either or both directions, should be
provided as required. (Vol. 28,

pp. —.)

49. Running Tracks should be
provided as required to permit free

movement from one position in the

yard to another and between the

yard and the locomotive terminal,

with a minimum of interference
with other work being done in the
yard. (Vol. 28, pp. —.)

50. Scale Tracks should be so
located that before cars are classi-

fied they may be weighed with a
minimum of movement and delay,

and where the number of cars to
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separately over the scale by grav-
ity, being weighed while in motion.
(Vol. 2, pp. 45, 46; Vol. 6, pp. 571,

592; Vol. 11, pp. 1259, 1309; Vol. 16,

pp. 958, 1189.)

Coaling, Ashpit, Sand and En-
gine Tracks.—These tracks should
be located on the route leading to

and from the engine house and
should provide sufficient storage for

the reception of engines by the

hostler. They should be so ar-

ranged that water, coal and sand
can be taken and ashes disposed of

in convenient rotation, and that

switching engines may clean fires,

take coal, water and sand, and pass

around waiting engines. (Vol. 6,

pp. 571, 592; Vol. 11, pp. 1259,

1309.)

A rider track should, if possible,

be provided through center of clas-

sification yard, running to summit
of hump, independent of other yard
movements. This will avoid hazard
of personal injury to car riders and
reduce the number of car riders to

a minimum. (Vol. 16, pp. 959,

1189.)

To secure the greatest possible

efficiency or to so construct a hump
that the greatest number of cuts of

cars may be classified over it, the

steepest part of the grade should
be reached in the least available

distance after passing the summit
and the grade or fall should provide
sufficient momentum to carry all

cars to the lower ends of classifica-

tion tracks. (Vol. 7, pp. 152, 168;

Vol. 11, pp. 1263, 1309.)

Where traffic or climatic condi-

tions require, the summit of a hump
may be made higher in the winter

and restored when the increased

height is not needed. (Vol. 7, pp.

152, 168; Vol. 11, pp. 1264, 1309.)

Where tracks are set aside for

holding empty cars, the grade lead-

ing to such empty track should be

increased so that empty cars will

move with the same velocity as

loaded cars switched to adjoining

tracks. (Vol. 14, pp. 937. 1089.)

Proposed Form

be weighed may exceed 30 in one
hour, should be located on gradi-
ents such as to permit weighing of

cars in motion ; a track parallel to

the scale track should be provided
for non-weigh traffic. (Vol. 28,

pp. —.)

Omit. Fully covered by 1926 re-

port of Committee on Shops and
Locomotive Terminals.

Hump Yards With Car Riders

51. A Rider Track should be
provided through the center of the

classification yard independent of
other yard tracks, so arranged and
operated as to reduce the hazard of
personal injury to car riders and
to minimize the number required by
facilitating their prompt return to

the hump. (Vol. 28, pp. —.)

52. The Gradients from the
summit of the hump should be such
that cars will run by gravity to the
far end of each classification track,

and the steepest of these gradients
should be immediately following the
summit of the hump. (Vol. 28,

pp. —.)

53. A Hump May Be Raised
temporarily in the winter when
conditions require. (Vol. 28, pp.
-)

54. Tracks for Empty Classi-
fications should be so located in

the classification yard and the
gradients leading to them should
be such that empty cars moving to

them will not be overtaken by
loaded cars. (Vol. 28, pp. —.)
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The cut list system of handling
cars on the hump is recommended
as being efficient ; it is briefly de-
scribed as follows—The yard clerk

makes up a list of cars to be
switched and tracks they are to be
placed on in receiving yard, cut No.
1 being the first car to go over the
hump. It is perforated in vertical

lines so that it may be divided into

multiple parts, each part being a
duplicate of the other. Where
switches are thrown from a tower,
one copy of the list is given to the
towerman, and one to the man cut-

ting off cars on the hump. Where
switches are thrown by hand, each
switchtender has a copy of the cut
list, as well as the man cutting off

cars on the hump. (Vol. 14, pp.
937, 1089.)

The cut list may be made a
permanent record of car-riders to

assist in locating the responsibility

in case of loss and damage to

freight. It may also provide a
record of car-rider performance.
(Vol. 25, pp. 482, 1309.)

Hump Yards should consist of
receiving, classification and depart-
ure tracks in consecutive order.

Where large numbers of cars are
handled the hump yard is generally
a desirable form of yard for re-

ceiving, classifying and making up
trains. In many cases a greater
number of classifications can be
made in less time and at less cost
than through any other form of
yard. (Vol.- 7, pp. 152, 168; Vol. 11,

pp. 1263, 1309; Vol. 16, pp. 959,

1189; Vol. 25, pp. 482, 1309.)

When required by traffic condi-
tions, a track scale not exceeding
60 ft. in length should be located
at such a distance from the summit
of the hump that when cars to be
weighed reach the scale they will

be properly spaced from following
cars and will be running slowly
enough to easily secure correct

weights. (Vol. 7, pp. 153, 168;
Vol. 11, pp. 1264, 1309.)

Proposed Form '

55. A Cut List prepared in

multiple by the yard clerk for each
arriving train on the form shown
in Fig. 1, giving the number of the
cut in the order in which it will

pass over the hump, the number of
the track in the classification yard
to which the cut is destined, and
the number of cars in the cut, with
a copy of this list supplied to each
car cutter, towerman, and switch-
tender who is concerned in han-
dling the cuts shown on the list,

is an efficient aid to the handling
of cars. (Vol. 28, pp. —.)

(See "Sample Cut List," page 691,

1921 Manual, Fig. 1.)

56. The Cut List may also be
made a permanent record of car-
rider performance to assist in fix-

ing responsibility in the case of loss

or damage to freight. (Vol. 28,

pp. —.)

Omit. These two items are cov-
ered by items 50, 21, 25, and 35.

Omit for further consideration
of desirable profiles.
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The hump profile? in Fig. 1 are
recommended as follows—No. 1 for

cold climates ; No. 2 for moderate
climates ; and No. 3 for warm cli-

mates. These are for humps with
track scales and operating a mixed
traffic of merchandise and empty
cars. (Vol. 18, pp. 718, 1522.)

In order to reduce to a minimum
the time that the train crow and
engine crew of a road freight train

need be on duty before their train

is moved out of the initial terminal
yard and after it has offered to en-
ter the final terminal yard when
these yards are such as handle a
considerable number of trains

:

The duties to be performed by
the train crew and engine crew be-

fore their train has moved out of

the initial terminal yard and after it

has offered to enter the final ter-

minal yard should be made simple
and easy to accomplish. Vol. 26,

pp. 717, 1394.)

The dispatcher should advise the

yardmaster of the probable arriv-

ing time, length, and amount of
work to be done on each train so

that he may be prepared to handle
it promptly when it offers to enter
the yard. (Vol. 26, pp. 717, 1394.)

The departing time of each train

should be fixed to the mutual satis-

faction of the yardmaster and the

dispatcher and each train should
have all necessary orders and be
ready to depart on time. (Vol. 26,

pp. 717, 1394.)

The place where the train crew
sign on duty should be the place

where they receive train orders,

way bills, and the train list, if this

is prepared by yard forces, and
should be located convenient to the

head end of the departure yard.

(Vol. 26, pp. 717, 1394.)

The place at which the engine
crew sign on duty should be located

convenient to the point at which
they take charge of the locomotive.

(Vol. 26, pp. 717, 1394.)

Proposed Form

Omit for further consideration
of desirable profiles.

Terminal Times and Delays

In order to minimize the time

that the road train crew and loco-

motive crew need be on duty in

their initial and final terminal

yards when these are large yards

:

57. The Duties to Be Per-
formed by these crews in the yard
should be made as simple and easy
to accomplish as practicable. (Vol.

28, pp. -.)

58. The Dispatcher should give
the Yard Master advance notice of
the probable arriving time, length,

and amount of work to be done on
each train so that he may be pre-

pared to handle it promptly. (Vol.

28, pp. -.)

59. The Departure Time of
each train should be fixed to the
mutual satisfaction of the yard-
master and the dispatcher, and each
train should have all necessary or-
ders and be ready to depart on
time. (Vol. 28, pp. —.)

60. The Train Crew Should
Sign on Duty where the conductor
receives train orders, way bills, and
the train list, if this is prepared by
yard forces, and this should be con-
venient to the departure end of the
departure tracks. (Vol. 28, pp. —.)

61. The Locomotive Crew
Should Sign on Duty convenient
to the point at which they take
charge of the locomotive. (Vol
28, pp. —.)
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The place at which the train

crew sign off duty should be that at

which the conductor delivers the

train list, way bills, and report of

bad order cars, and should be lo-

cated convenient to the receiving

end of the receiving yard. (Vol.

26, pp. 717, 1394.)

The place at which the engine
crew sign off duty should be that

at which the engineman delivers

the work list and should be con-

venient to the point at which the

final inspection of the locomotive is

made. (Vol. 26, pp. 717, 1394.)

The air brake equipment should
be tested by the yard forces as soon

as the cars of a train are received

or assembled in either of these

yards. (Vol. 26, pp. 717, 1394.)

Before the locomotive arrives in

the departure yard, all bad order

cars or cars for which no waybills

are available should be switched out

and the final set up fully charged

with air. (Vol. 26, pp. 717, 1394.)

The locomotive should be moved
out of and into the engine house,

furnished with coal, water, and other

supplies, and have the fire and ash

pan cleaned by Mechanical Depart-

ment forces. (Vol. 26, pp. 717,

1394.)

Adequate space and facilities

should be provided for the engine-

man to make the initial inspection

of the locomotive before moving it

from, and the final inspection after

delivering it at the mechanical plant.

(Vol. 26, pp. 717, 1394.)

It may be economical to have
switches to be run over by the loco-

motive in moving to and from the

mechanical plant and by the train in

moving to and from the main track

handled by switch tenders or inter-

locking plant. (Vol. 26, pp. 717,

1394.)

Proposed Form

62. The Train Crew Should
Sign Off Duty where the conduc-
tor delivers the train list, way bills

and report of bad-order cars, and
this should be convenient to the re-

ceiving end of the receiving tracks.

(Vol. 28, p. —.)

63. The Locomotive Crew
Should Sign Off Duty where the

engineman delivers the work list

and this should be convenient to the

place where the final inspection of

the locomotive is made. (Vol. 28,

pp. —.)

64. Yard Forces Should Test
Air Brake equipment of cars on the

receiving tracks after the road loco-

motive has departed from, and on
the departure tracks before the road
locomotive has arrived on those

tracks, leaving the final make up
fully charged with air. (Vol. 28,

pp. —.)

65. Yard Forces Should Switch
all bad order cars and cars for

which no waybills are available out

of the make up for a train, before

the road locomotive arrives on the

departure tracks. (Vol. 28, pp. —.)

66. Locomotive Terminal
Forces should move the locomotive
into and out of the engine house,
furnish it with coal, water and other
supplies, and clean the fire and ash
pan. (Vol. 28, pp. —.)

67. Adequate Inspection Space
and Facilities should be provided
for making the final locomotive in-

spection after arrival at and the

initial locomotive inspection before
departure from the locomotive ter-

minal. (Vol. 28, pp. —.)

68. Switch Tenders or Inter-

locking Plants should handle all

switches tO' be run over by the loco-

motive in moving tO' and from the

locomotive terminal and by the train

in moving to and from the main
track when this can be shown to be
economical. (Vol. 28, pp. —.)
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The place from which train sup-

plies are obtained should be so lo-

cated as to facilitate the placing of

them on the caboose by either the

train crew or yard forces as may
be found the more economical.

(Vol. 26, pp. 717, 1394.)

The point to be constantly borne
in mind in the design of a new yard
or in planning its operation, and in

the study of an existing yard with

a view to reducing the initial and
final terminal times and delays which
occur in it, is that where the total

cost of operating, maintenance and
fixed charges on the additional or

improved facilities can be shown to

be less than the cost of the ter-

minal time and delay which they
will eliminate, the expenditure for

these facilities, all other things being
equal, is justified. (Vol. 26, pp. 717,

1394.)

A team yard should be located

convenient for use by shippers and
consignees. If possible it should

also be convenient to the freight

house so that the receipt and ship-

ment of freight may be easily under
control of the freight agent's force.

(Vol. 7, pp. 155, 168; Vol. 11, pp.

1263, 1309; Vol. 25, pp. 482, 1309.)

The tracks should be stub tracks

arranged in pairs spaced 12 feet cen-

ter to center, and if conditions

permit the pairs should be spaced

not less than 52 feet center to cen-

ter of pairs, or 30 feet in the clear.

For convenience in handling, the

tracks should not exceed 20 cars'

capacity each. Driveways should be
kept in good condition. (Vol. 7, pp.

155, 168; Vol. 11, pp. 1263, 1309;

Vol. 25,. pp. 482, 1309.)

Ingress and egress for teams
should be provided at each end of
each teamway if possible. (Vol. 7,

pp. 156, 168; Vol. 11, pp. 1263, 1309;
Vol. 25, pp. 482, 1309.)

Proposed Form

69. Train Supplies should be
placed on the caboose by either the

train crew or yard forces as may
be found the more economical, and
should be obtainable from a place

so located as to facilitate placing

them on the caboose. (Vol. 28, pp.

-.)

70. Additional or Improved Fa-
cilities for the purpose of reducing
terminal times and delays are justi-

fied when, all other things being

equal, the total additional cost of

operating, maintenance, and fixed

charges on them will be less than

the cost of the terminal times and
delays which they will eliminate.

(Vol. 28, pp. —.)

TEAM YARDS
71. The Location of a team

yard should be such that it will be
convenient for use by shippers and
consignees, and also as convenient
as possible to a freight house so that

the receipt and shipment of freight

may be easily under control of the

freight agent's force. (Vol. 28, pp.—

)

72. The Capacity of the indi-

vidual team tracks should not ex-

ceed a maximum of 20 cars each.

(Vol. 28, pp. -.)

7Z. The Spacing of Team
Tracks should be alternately not
less than 12 feet and 40 feet center

to center, and they should preferably

be stub tracks. (Vol. 28, pp. —.)

74. Paved Teamways should be
placed between the team tracks

which arc spaced not less than 40
feet center to center, and should be
kept in good condition. (Vol. 28,

pp. —.)

75. Ingress and Egress for
Teams should preferably be pro-
vided at each end of each teamway.
(Vol. 28, pp. —.)
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If necessary, the yard should be
provided with a crane for handling
heavy freight. (Vol. 7, pp. 155,

168; Vol. 11, pp. 1263, 1309; Vol. 16,

pp. 958, 1189.)

Wagon scales if installed should
be at the most convenient place

near the entrance to the drivev^fay.

(Vol. 7, pp. 156, 168; Vol. 11, pp.

1263, 1309; Vol. 16, pp. 958, 1189.)

Methods of economic transfer of

lading of bad order cars in large

terminals by the introduction of

mechanical means or otherwise.

(Vol. 22, pp. 891, 1076.)

1. Hand labor for transferring

freight from cars in most cases is

slow and expensive and without
real justification. (Vol. 22, pp. 891,

1076.)

2. The employment of a loco-

motive crane is generally justified

in any case where the transfer of

freight from open-top cars other-

wise requires the equivalent of the

constant daily service of six or more
men or the intermittent service of
six men where the machine may be
economically employed in the in-

terim. (Vol., 22, pp. 891, 1076.)

3. A study of each situation may
develop extensive means of economy
out of all proportion to the cost and
such study is justified in each case.

(Vol. 22, pp. 891, 1076.)

Freight transfer stations should be

located at points where traffic con-

verges or diverges, or both, and
where necessity exists for its con-

solidation or separation. (Vol. 9,

pp. 542, 571; Vol. 11, pp. 1264,

1309.)

Proposed Form

76. A Crane for handling heavy
freight should be provided when
required. (Vol. 28, pp. — .)

77. A Motor Truck Scale, with
office, should be provided near the

main entrance to the team, yard
when required. (Vol. 28, pp. —.)

78. Switching Tracks for hold-

ing and working cars should be pro-

vided in the immediate vicinity of

the team tracks and sO' arranged as

to facilitate the switching of these

tracks. (Vol. 28, pp. —.)

TRANSFER OF LADING OF
BAD-ORDER CARS

Omit.

79. A Locomotive Crane is

usually economical for use in trans-
ferring freight between open top
cars when the manual labor other-
wise required is the equivalent of
the constant daily service of 6 men

;

and the intermittent use of a loco-

motive crane, when the machine may
be economically employed at other
times, is usually justified when it

replaces similar intermittent service

of 6 men. (Vol. 28, pp. —.)

Omit.

FREIGHT TRANSFER
STATIONS
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A transfer station should be lo-

cated at a point where traffic is con-

centrated and where a necessity

exists for consolidating freight in-

to a less number of cars for move-
ment to a certain destination or for

separating and reloading freight in-

to a greater number of cars or into

sj'Stem cars for further mo\-ement
to final delivery. (Vol. 3, pp. 268,

280; Vol. 6, pp. 572, 592; Vol. 11,

pp. 1260, 1309.)

The installation should provide

for the greatest possible economy of

operation both as to time and cost

of handling. (Vol. 9, pp. 542, 571

;

Vol. 11, pp. 1264, 1309.)

Where fixed platforms are used,

they should be covered, and it is

recommended that the width under
ordinary conditions be not more than
24 feet, and that the tracks on
either side be built in pairs. If

greater facilities are required, addi-

tional platforms 8 feet in width may
be provided outside of the first two
tracks and additional tracks placed

outside of them. The width of

these additional platforms may be 8

feet, if w'ithout roofs, or 12 feet,

if covered by roofs, supported by a

line of posts in the middle. (Vol. 9,

pp. 542, 571; Vol. 11, pp. 1264,

1309.)

Variation of the peak hour and
seasonal traffic from the average re-

quirements should be considered in

determining the size of a freight

house. (Vol. 26, pp. 662, 1389.)

The probable growth of the busi-

ness to be handled in a freight hou.sc

for the period of years within which
the cost of the structure can be

amortized (probably 30 or 40 years)

should be considered in the design

of the facilities. (Vol. 26, pp. 662,

1389.)

The total annual investment cost

for a freight house remains prac-

tically constant during the life of

the structure, the principal variation

being due to a change in the value

of the land occupied, but the annual

Proposed Form

80. A Freight Transfer Sta-
tion should be provided where it is

desired to consolidate L.C.L. freight

from a greater into- a lesser number
of cars, or to separate it from a

lesser into a greater number of

cars, or where it is desired to trans-

fer package freight from foreign

line cars into home line cars for for-

warding to destination. (Vol. 28,

pp. —.)

Omit.

81. The Transfer Platform,
for hand trucking, should be not
more than 24 feet wide, should be
covered, and should have a pair of
tracks on each side of it. (Vol. 28,

pp. —.)

FREIGHT HOUSES
General

82. The Ultimate Size of a
freight house .should be determined
in advance from consideration of the

average amount of traffic to be han-
dled through it in the first instance,

the variation of peak from average
requirements, and the probable
growth of requirements during the

period in which the cost of the

structure can be amortized. (Vol.

28, pp. -.)

83. The Initial Size should be
determined by immediate future
needs with provision for increases

to the ultimate size as required.

28. pp. -.)
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investment cost per ton of freight

handled varies inversely as the ton-

nage handled, being lowest when the

house is used to its maximum ca-

pacity. The initial construction of

the house should therefore, if prac-

ticable, be proportioned on the needs

of the immediate future with provi-

sions for increase in the size of

the facilities as the requirements in-

crease. (Vol. 26, pp. 662, 1389.)

Where a great number of cars

are required the average trucking

distance will generally be least and
trucking through cars will be

avoided if the freight house is built

at right angles to and at the back
ends of a series of tracks built in

pairs with covered platforms be-

tween. (Vol. 3, pp. 268, 280; Vol.

6, pp. 572, 592; Vol. 11, pp. 1260,

1309; Vol. 12, pp. 236, 263.)

Minimum operating costs can be

attained in freight houses of great

capacity by locating the setting be-

tween two houses connected at the

bumper end of the track by a plat-

form. (Vol. 26, pp. 662, 1389.)

There are advantages in handling

both inbound and outbound business

in a combination house, so arranged

as to have the setting located be-

tween two houses connected at the

bumper end of the tracks by a con-

tinuous platform. One side of the

setting can then be used for in-

bound and the other for outbound
business. This arrangement has the

advantage 'of elasticity as it is

possible to vary the niunber of

tracks in the inbound and outbound
setting to meet fluctuations in busi-

ness and also permits easy transfer

of freight. (Vol. 26, pp. 662, 1289.)

The various factors entering into

the design of a freight house should

be correlated so that no one factor

will limit the capacity of the house.

Capacity of tail board frontage for

receipt and despatch of freight,

gross floor area required in an in-

bound house per ton of freight han-

dled, width of outbound house to

provide trucking aisles and permit
proper operation of the house, width
of truclang platforms and bridges,

Proposed Form

Omit.

84. Minimum Operating Costs
can be attained in freight houses of

great capacity by locating the house

tracks between two houses connected

at the bumper end of the tracks by

a platform. (Vol. 28, pp. —.)

85. Combination Inbound and
Outbound Ereight Houses should
be arranged with the house tracks

between them, and be connected at

the bumper end of the tracks by a
platform. (Vol. 28, pp. —.)

86. The Factors of Design for

a freight house such as tailboard

frontage, floor area, width of house,
platforms, bridges and roadways,
and the capacity of elevators should
be so correlated that no one factor

will limit the capacity of the house.
(Vol. 28, pp. —.)
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width of roadway approach, and
elevator capacity are the most im-
portant factors to be considered.

(Vol. 26, pp. 662, 1289.)

Where the freight house is on
one side and a wall on the other,

the minimum width of roadway
should be 30 ft. but where a freight

house is on one side, and a team
track or another freight house is

on the other, the minimum clear

width of roadwav should be 40 ft.

(Vol. 3, pp. 268, 280; Vol. 6, pp. 572,

592; Vol. 11, pp. 1260, 1309.)

Usually not more than two tracks

are needed at an inbound freight

house. (Vol. 3, pp. 268, 280; Vol.

6, pp. 571, 1592; Vol. 11, pp. 1260,

1309.)

The inbound setting should be

changed during the noon hour if

two settings per day are required,

thereby reducing to a minimum the

disturbance to the freight house
operation. Where the normal vol-

ume of business requires more than

two settings per day, expansion of

the facilities should be considered.

(Vol. 26, pp. 662, 1389.)

The outbound setting, where the

capacity of the house will permit, is

usually left undisturbed during the

period of freight house operation,

which makes spotting of cars less

objectionable from an operating

standpoint than at inbound houses,

where it is common practice to have
two settings per day. (Vol. 26, pp.

662, 1389.)

Usually not more than 4 to 6
tracks should be provided at an
outbound freight house. (Vol. 3, pp.

268, 280; Vol. 6, pp. 572, 592; Vol.

11, pp. 1260, 1309; Vol. 12, pp. 236,

263.)

Spotting cars at outbound freight

houses is common practice, the ad-

vantages being reduction in length

of trucking and space occupied. The
objections are the added cost of

spotting and the increased cost of

trucking through cars. (Vol. 26,

pp. 662, 1389.)

The cost of spotting and recoup-

Proposed Form

Omit for further consideration of
width of roadways.

House Tracks

87. The Capacity of the In-
bound House Tracks should be

such that not more than one change
in the inbound setting of cars need
be made during the daily period of

freight house operation, and that

this change may be made during
the noon hour. (Vol. 28, pp. —.)

88. The Capacity of the Out-
bound House Tracks should be
such that the outbound setting of
cars may be left undisturbed during
the daily period of freight house
operation. (Vol. 28, pp. —.)

89. Spotting Cars at freight

houses to permit of trucking
through them is common practice,

and the cost of spotting and recoup-
ling, exclusive of all other switch-
ing, based on a switch engine and
crew cost of $12.50 per hour,
amounts to approximately 28 cents
per car. (Vol. 28, pp. —.)
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ling cars, based on a switch engine
and crew cost of $12.50 per hour,

amounts tO' approximately 28 cents

per car. These figures do not include

cost of switching other than actually

used in spotting cars. (Vol. 26, pp.

662, 1389.)

The side of the freight house to-

ward the tracks should be provided
with a platform and should be
fitted with continuous doors to

avoid the necessity for spotting
cars. (Vol. 3, pp. 268, 280; Vol. 6,

pp. 571, 592; Vol. 11, pp. 1260,

1309; Vol. 12, pp. 236, 263.)
The spotting of cars can be elim-

inated by constructing platforms
between each pair of tracks, con-
necting the platform to the freight

house by a platform at the bumper
end of the tracks, and by trucking
bridges at intervals in the setting

if the length of the setting is suf-
ficient to justify their installation.

(Vol. 26, pp. 662, 1389.)

The annual investment and oper-
ating cost with platforms between
tracks will exceed the similar cost
where platforms are not provided
and where cars are spotted if land
values exceed $6.00 per sq. ft. (Vol.

26, pp. 662, 1389.)

The present average L. C. L. car
loading of from six to eight tons is

affected by car supply, character of
freight, volume of freight handled
and size of car, and will probably
continue to increase gradually with
the increase in the size of cars.

(Vol. 26, pp. 662, 1389.)

Tailboard frontage may deter-

mine the minimum length of house
for a given tonnage and should be
provided for the full length of the

house. The average capacity of
tailboard frontage is approximately
1.12 tons per linear foot per day
and depends on the character and
amount of freight handled, and the

hourly distribution of flow of
freight through the house. (Vol.

26, pp. 662, 1389.)

Inbound freight house should be
of such width as will furnish a

Proposed Foi-m

90. Spotting May Be Elimi-
nated by providing a platform and
continuous doors on the track side

of the freight house, constructing

platforms between each pair of

house tracks, and connecting them
to the freight house by a platform
at the bumper end of the tracks,

and, when the length of the setting

is sufficient to warrant, by the in-

stallation of trucking bridges at

intervals through the setting. (Vol.

28, pp. ..)

91. Spotting Is More Econom-
ical than intermediate platforms
when land values exceed $6 per sq.

ft. (Vol. 28, pp. ..)

Omit.

General Dimensions of Freight
House

92. Tailboard Frontage has an
average capacity of approximately
1.12 tons per linear ft. per day, and
may determine the minimum length
of freight house required. (Vol. 28,

pp. ..)



Yards and Terminals 641

Present Form

reasonable amount of floor space

for holding freight (50 ft. is a good
average width). (Vol. 3, pj). 268,

280; Vol. 6, pp. 571, 592; Vol. 11,

pp. 1260, 1309.)

The gross floor area of an in-

bound house should be provided at

the rate of approximately 130 sq. ft.

per ton of daily capacity of house.

(Vol. 26, pp. 662, 1389.)

The outbound freight house
should be narrow (30 ft. is a good
average width). (Vol. 3, pp. 268,

280; Vol. 6, pp. 572, 592; Vol. 11,

pp. 1260, 1309; Vol. 12, pp. 236,

263.)

The width of an outbound house
should be sufficient to provide ade-
quate aisles for trucking and suf-

ficient space for standing trucks and
receiving freight but normally need
not be affected by the requirements
for storage of freight. A width of

house of 50 to 60 ft. is adequate for

tractor trucking. (Vol. 26, pp. 662,

1389.)

Both inbound and outbound
houses, as a general proposition, re-

sult in the lowest combined annual
investment and operating cost when
constructed of the shortest length

consistent with providing adequate
tailboard frontage. (Vol. 26, pp.

662, 1389.)

The cost of tractor trucking de-

pends upon rates of pay, efficiency

of labor; trailer loading, number of
trailers in train, speed of train,

character of freight, condition of

trucking floor, quantity of freight

and length of haul. (Vol. 26, pp.
662, 1389.)

The cost of tractor trucking, in

dollars per ton, on the basis of an
average rate of pay for labor of

51c. per hour, can be determined
approximately by the equation
Ctt = .14 + .0183d in which d rep-

resents the average distance in hun-
dred feet that freight is trucked,

.14 represents the cost of making
the trucks into trains and the ex-

pense of motors when not actually

engaged in the movement of freight

Proposed Form

93. The Gross Floor Area of
.\N Inbound House should be pro-

vided at the rale of approximately
130 sq. ft. per ton of daily capacity

of the house. (Vol. 28, pp. ..)

94. The Width of an Outbound
House where tractor trucking is to

be used, should be from 50 to 60 ft.

(Vol. 28, pp. ..)

95. The Shortest Length con-
sistent with adequate tailboard
frontage is the most economical for
both inbound and outbound freight
houses. (Vol. 28, pp. ..)

Trucking and Stowing

Omit.

96. The Cost of Tractor
Trucking in the freight house in

dollars per ton, on the basis of an
average rate of pay for labor of
51 cents per hour, can be deter-

mined approximately bv the equa-
tion C = .14 + .0183d' in which d
represents the average distance in

hundred feet that freight is trucked.

(Vol. 28. pp. ..)
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and .0183d represents the actual

cost of moving the freight. (Vol.

26, pp. 662, 1389.)

The cost of hand trucking, in

dollars per ton, on the basis of an
average rate of pay for labor of

48c. per hour can be determined ap-

proximately by the equation Cht =
.13 + .06d, in which d represents

the average distance in hundred feet

that freight is trucked, .13 repre-

cents the cost of that portion of the

trucking operation which is inde-

pendent of the distance through
which the truck is moved, and .06d

represents the cost of actually mov-
ing the freight. (Vol. 26, pp. 662,

1389.)

The average trucking distance in

an outbound house, where the

freight is received uniformly on one
side and distributed uniformly to

the other, is theoretically one-third

the length of the house. In practice,

the average trucking distance for
this condition approximates .3, the

length of the house. (Vol. 26, pp.

662, 1389.)

Tractor trucking will materially

reduce the cost of trucking over
hand trucking when the length of
the house and tonnage handled is

sufificient to justify its use. (Vol.

26, pp. 662, 1389.)

The cost of stowing freight de-

pends upon rates of pay, efificiency

of labor, trailer or truck loading,

character of freight, relative ele-

vation of car ^floors through which
freight is trucked, quantity of

freight handled, and number of

cars per run. (Vol. 26, pp. 662,

1389.)

The cost of stowing, which also

includes the cost of trucking the

freight from the freight house or
platform through the cars, in dol-

lars per ton, on the basis of an
average rate of pay of labor of 52
cents per hour can be determined
approximately by the equation

Cs = .12 -I- .0367N, in which N
represents the average number of

cars in each run through which
freight is trucked for stowing, .12

represents the cost of stowing the

Proposed Form

97. The Cost of Hand Truck-
ing in the freight house in dollars

per ton, on the basis of an average
rate of pay for labor of 48 cents

per hour, can be determined ap-
proximately by the equation C =
.13 + .06d in which d represents
the average distance in hundred
feet that freight is trucked. (Vol.

28, pp. ..)

98. The Average Trucking Dis-
tance in an outbound house where
freight is received uniformly along
one side and distributed uniformly
along the other side, is theoretically

one-third the length of the house,

but in practice it approximates
three-tenths the length of the

house. (Vol. 28, pp. ..)

99. Tractor Trucking is more
economical than hand trucking
when the length of the house and
the tonnage handled is sufficient to

warrant its use. (Vol. 28, pp. ..)

Omit.

100. The Cost of Stowing,
which also includes the cost of

trucking the freight from the

freight house or platform through
the cars, in dollars per ton, on the

basis of an average rate of pay of

labor of 52 cents per hour can be

determined approximately by the

equation C = .12 + .0367N, in

which N represents the average
number of cars in each run through
which freight is trucked for stow-
ing. (Vol. 28, pp. ..)
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freight in the cars, and .0367N rep-

resents the cost of moving the
freight from the freight house or
platform through the cars. Vol.

26, pp. 662, 1389.)

Loss and damage claims mount
rapidly with careless and unskilled
stowing. One man assigned espe-
cially for that work, should be re-

sponsible for the stowing of each
car in his assignment. (Vol. 26,

pp. 662, 1389.)

No change.

There are two general methods
of elevator control—automatic and
manual, but opinions differ as to

their relative economy. Most new
installations are equipped with au-
tomatic or push button control.

(Vol. 26, pp. 662, 1389.)

The number of elevators in a
two-level outbound house has prac-
tically no influence on the average
length of longitudinal trucking on
the driveway level if they are uni-

formly spaced, however, the num-
ber of elevators influences the av-
erage length of trucking on the
track level and also affects the ca-

pacity of the house. (Vol. 26, pp.
662, 1389.)

The theoretical distance between
elevators which will reduce the

average trucking distance to a
minimum in a two-level house is

represented by the equation

_ /
(Pr-t-E)L

S,-V ^15T
in which P = first cost of one
elevator; r '= annual interest rate;

E = annual cost of elevator oper-
ation ; L = length of house in hun-
dred feet; and T = total yearly
tonnage. (Vol. 26, pp. 662, 1389.)

Proposed Form

101. Supervision of Stowing
should be in the hands of specially

assigned men who should be held
responsible for proper stowing in

the cars assigned to them. (Vol.

28, pp. ..)

Freight Elevators

102. The Modern Freight Ele-
vator is the only practical means
developed to date and generally ac-

cepted in freight houses for the

vertical transportation of freight.

(Vol. 28, pp. ..)

103. Elevator Control may be
either automatic or manual, but
most new installations are of the

push-button automatic type. (Vol.

28, pp. ..)

104. The Number of Elevators
in a two-level outbound freight
house (where the major longitud-
inal trucking is done by tractors on
one level, and the minor trucking,
i. e., from wagon to nearest ele-

vator, or from nearest elevator to

cars, is done by hand trucking on
the other level) if they are uni-
formly spaced has practically no
influence on the average length of
tractor trucking, but does influence

the average length of hand truck-
ing and the capacity of the house.

(Vol. 28, pp. ..)

105. The Distance Between
Elevators which will theoretically

result in minimum trucking and el-

evating cost in a two-level freight

house operated as in item 104 is

represented by the equation

_ /
(Pr-fE)L

^-\ .015T ;

in which g represents distance be-
tween elevators in hundred feet;

P represents the first cost of one
elevator; r represents the annual
interest rate; E represents the an-
nual cost of one elevator operator;
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Two-level freight houses occupy
less land per ton capacity than one-

level houses, but result in higher

building cost.

Two-level houses, due to their

greater first cost and more per-

manent type of construction, can-

not be altered to meet changing
conditions as readily as one-level

houses. (Vol. 26, pp. 662, 1389.)

Two-level freight houses are par-

ticularly adapted to locations where
streets and tracks are at different

levels, due to topography or grade
separation. The elimination of in-

clined ramps by the two-level house,

if not required for other purposes,

results in an economy of space to

the railroad, and is favorable to the

shipper or consignee. (Vol. 26, pp.

662, 1389.)

A two-level house completely

eliminates interference resulting

from vehicles and locomotives oper-

ating on the same level. (Vol. 26,

pp. 662, 1389.)

The length of car setting in a

two-level development need not be

affected vitally by the distance be-

tween streets, as longitudinal truck-

ing can be done below the streets at

the car floor level. (Vol. 26, pp.

662, 1389.)
.

The cost of longitudinal trucking

in a properly designed two-level

house should be less than in a one-

level house, but this is offset, at

least in part, by the cost of elevat-

ing freight. (Vol. 26, pp. 662,

1389.)

A two-level outbound house as

compared to a one-level outbound
house should result in a very mate-
rial reduction of stowing costs if a

loading platform is located in the

middle of the setting on the lower
level. (Vol. 26, pp. 662, 1389.)

Two-level combination inbound
and outbound freight houses are

Proposed Form

L represents the length of house in

hundred feet; and T represents the

total yearly tonnage. (Vol. 28, pp.

..)

Two-level Freight Houses
106. A Two-Level Freight

House occupies less land area per

ton of capacity than a one-level

freight house, but the cost of con-

struction is greater, and the build-

ing cannot be altered as readily to

meet changing conditions. (Vol.

28, pp. ..)

107. Differences in Elevation
between track and street level, due

to topography or grade separation,

may indicate the advisability of a

two-level freight house in order to

eliminate teamway ramps. (Vol.

28, pp. ..)

108. Grade Separation of tracks

and highways may be secured in a

two-level freight house so that there

is no interference between teaming
and switching movements, and so

that with trucking on the track

level, the length of car settings is

not limited to the distance between
streets. (Vol. 28, pp. ..)

109. Trucking Costs in a prop-

erly designed two-level freight

house are less than in a one-level

freight house of the same capacity,

but this is somewhat offset by the

cost of elevating freight. (Vol. 28,

pp. ..)

110. Stowing Costs will be less

in a two-level outbound freight

house than in a one-level outbound
freight house if the loading plat-

form is located in the middle of

the outbound setting of cars. (Vol.

28, pp. .
.

)

111. A Combination Inbound
and Outbound Freight House of
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more economical in land, and there-

fore have lower combined annual
investment and operating cost than
isolated two-level inbound or out-

bound houses. (Vol. 26, pp. 662,

1389.)

No economy in total investment
and operating cost for two-level
houses, as compared with one-level

houses can be obtained where the

land value is much below $20.00 per

sq. ft. With higher land values,

the two-level house becomes more
economical. (Vol. 26, pp. 662,

1389.)

The development of air rights

above a freight terminal, for other
than railroad purposes, will prob-
ably justify a one-level as compared
to a two-level freight house devel-

opment. (Vol. 26, pp. 662, 1389.)

The multiple level inbound freight

house, as far as economy of space
occupied is concerned, has a de-

cided advantage over a one-level

house, as the excess storage space
required can be provided on a third

level above the driveway and work-
ing floor space. (Vol. 26, pp. 662,

1389.)

Omit the details of the Catechism
appearing on pages 694, 695 and
696 of the 1921 Manual, inserting

instead only the reference note
shown in the column opposite this.

Yard at Rail and Watkr Ter-
minals. The tracks should be so
arranged that as trains arrive the

cars can be promptly classified and
grouped for delivery without inter-

ference with other movements.
(Vol. 4, pp. 370, 372; Vol. 6, pp.

572, 592; Vol. 11, pp. 1260, 1309.)

Piers. At rail and water ter-

minals the piers should be designed
with a view to the most efficient,

rapid and economical handling of

Prof>osed Form

the two-level type is more econom-
ical than separated inbound and
outbound freight houses of this

type. (Vol. 28, pp. ..)

112. A Two-Level Freight
House Is More Economical than a

one-level freight liouse when land

values exceed $20 per sq. ft., but

the development of air rights above
the freight terminal for other than

railway purposes, may in such cases

warrant a one-level installation.

(Vol. 28, pp. ..)

113. A Multiple Level Inbound
Freight House may prove an eco-
nomical method of securing addi-
tional storage space for freight.

(Vol. 28, p. .
.

)

CATECHISM OF YARD DE-
SIGN AND OPERATION

114. A catechism designed to

bring out hints as to the improve-
ment in detail of existing yards,

and the elimination of slight dif-

ficulties which hinder the steady
operation of yard service or cause
detentions which are small in them-
selves but become serious in the ag-
gregate, appears on pages 316 and
1121 of Volume 19, and also on
page 694 of the 1921 Manual.

Omit for further consideration.

Omit for further consideration.
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the business ; and with a view to its

future development. Care must be
taken to give due weight to the spe-

cial conditions and features of loca-

tion, traffic, etc., which are peculiar

to each case, and which render it

impossible to lay down any but the

most general rules.

In every individual case the

length, width, number of tracks,

width of platforms, details of con-

struction and width of waterway
between adjacent piers must be
adjusted to best meet conditions

as to shape and area of site as

well as its relation to its ap-
proach from both land and water,

the character and volume of busi-

ness and the manner in which it is'

to be handled. (Vol. 4, pp. 370,

372; Vol. 5, pp. 182, 221; Vol. 6,

pp. 572, 592; Vol. 11, pp. 1260,

1309.)

Covered Lighterage Pier.—When
conditions will permit, present prac-

tice will generally suggest a length

of approximately 600 feet with two
depressed tracks. If the business

to be handled over the pier is ex-

pected to move quickly the width
should be no greater than is neces-

sary to provide temporary storage

and shelter for the goods during or-

dinary detention while waiting for

cars or lighters, preferably about
100 feet. If the movement is ex-

pected to be slow and it is necessary

to provide storage while waiting

for cars or vessels, or for assorting,

classifying, inspecting or sale of

goods, the "width should be in-

creased, but generally not beyond a

width of 125 to 160 feet. If the

movement is not expected to have a

special character, or a mixed busi-

ness is to be provided for, a com-
promise width of 125 feet is sug-

gested. The space between the shed

and the outer edge of the pier

should be not less than two feet.

The clear width of waterway be-

tween piers should be, if possible,

not less than four times the width
of the largest vessel to be handled.

(Vol. 4, pp. 370, 372; Vol. 5, pp.

182, 221 ; Vol. 6, pp. 573, 592 ; Vol.

11, pp. 1261, 1309.)

Proposed Form

Omit for further consideration.
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Open Lighterage Pier.—This
should, if possible, have a length of
about 600 feet and the width, num-
ber of tracks and the appliances for

handling traffic should be adjusted
to the particular use to which the

pier is to be applied. Crossovers
may be necessary on long piers.

For ordinary coarse freight in

bulk, such as iron ore, stone, tim-
ber, and similar products, the width
should be from 50 to 80 feet, and
there should be four tracks, with
crossovers, to facilitate the han-
dling of cars and to avoid delay in

transferring to or from vessels. If

the business is light, or consists

principally of heavy or costly prod-
ucts, such as cut stone, machinery,
or miscellaneous freight not requir-

ing shelter, a narrow pier of about
35 feet in width, with two tracks
only, is recommended. (Vol. 4, pp.

370, 372; Vol. 5, pp. 183, 221; Vol.

6. pp. 573, 592; Vol. 11, pp. 1261,

1309.)

Export and Storage Pier.—This
should be designed with special ref-

erence to the character of the com-
modities to be handled; whether
quick movement is expected or the

goods are to be held some time in

storage for the accumulation of full

cargoes, or for inspection or classi-

fication. There should be two
tracks in a depressed pit on the pier

level, and on long piers these should
be connected by crossovers at con-
venient intervals to facilitate the
movement of cars. On very wide
piers additional tracks on the pier

level are desirable under certain

conditions.

Where the water front is limited

or very valuable and the conditions,

volume and character of business
warrant, pier sheds of two or more
stories, with platform or barrel el-

evators and bag or barrel chutes,

are used. Under certain conditions
additional tracks in the second
story may prove more advantageous
than elevators.

The length should be sufficient to

properly accommodate either one or
two vessels on each side at the same
time or approximately 600 to 1400

Proposed Form

Omit for further consideration.

Omit for further consideration.
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Present Form

feet. The width must be deter-

mined by the space available and
the business to be handled. If quick

moving, a width of 125 to 150 feet

is recommended. If slow moving
and large accumulations must be

received and stored, the width may
be extended, if space permits, to 300

or even 400 feet, but excessive

width is not recommended on ac-

count of the consequent increase in

cost of handling. The space be-

tween shed and face of pier should

be not less than three nor more
than six feet. The clear waterway
between piers should be, if possible,

not less than four times the width of

the largest vessels to be handled.

(Vol. 4, pp. 370, 572; Vol. 5, pp.

183, 221 ; Vol. 6, pp. 574, 592 ; Vol.

11, pp. 1262, 1309.)

Coal Pier.—This should be an
open pier, and where coal is to be

delivered to vessels through pockets

and chutes in the ordinary way, the

pier should be high enough to al-

low coal from drop-bottom cars to

be loaded by gravity into vessels or

barges. It should have three or

more tracks, the outside tracks for

loaded cars and the inside one on
an incline to return the empty cars

to the yard by gravity. The length

depends upon the grade necessary

to reach the desired elevation, the

length of the vessel to be coaled

and the number of cars it is desired

to unload at one time. Adjacent
piers should, be sufficiently distant

to accommodate the class of service,

which will depend on the length of

the pier and the size of the water
craft to be accommodated. Where
coal cars are dumped by machinery
which elevates and tilts the cars a

high pier is not necessary, and it

may be of any convenient height.

(Vol. 4, pp. 371, 372; Vol. 5, pp.

184, 221; Vol. 6, pp. 574, 592; Vol.

11, pp. 1262, 1309.)

Station Pier.—A city station

pier served by car floats should be

approximately 600 feet long and
125 feet wide, with a depressed
driveway in the center 35 feet wide.

It should be a closed pier, with a

Proposed Form

Omit for further consideration.

Omit for further consideration.
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Present Form

3 foot platform outside. Adjacent
parallel piers should be, if possible,

200 feet apart in the clear. Along
the water street should be a bulk-

head, approximately 55 feet wide,
with two-story building, the upper
floor being for offices, fruit auction

room, etc. (Vol. 4, pp. 371, 372;
Vol. 5, pp. 184, 221 ; Vol. 6, pp. 574,

592; Vol. 11, pp. 1262, 1309.)

Gr.mn Elevators.—If conditions

permit, grain elevators should be
so located that cars may be put in

at one end and taken out at the

other, and without interference with
other yard movements. Where this

cannot be done, the tracks should
be so arranged that the work of
placing and removing cars may be

done without serious interference

with the operation of the elevator

or delay to other shifting. (Vol.

4, pp. 371, 372; Vol. 5, pp. 184, 221

;

Vol. 6, pp. 574, 592; Vol. 11, pp.

1262, 1309.)

Proposed Form

Omit for further consideration.
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Appendix E

(5) MECHANICAL MEANS FOR CONTROLLING OR RE-
TARDING MOVEMENT OF CARS IN HUMP YARDS

Otto Gersbach, Chairman, Sub-Committee; A. W. Epright, E. H. Fritch,

E. K. Lawrence, L. F. Howard, J. G. Wishart, A. Montzheimer,

C. H. Mottier, J. E. Saunders, D. B. Johnston, R. A. C. Henry,

V. I. Smart.

Studies this year havfe been restricted to the question of grades,

arrangement of the leads and economics in hump yards with car retarders

as based on experience since the last report was made ; also adding other

information which will be of assistance in designing such yards.

We find that the reduction in operating costs as compared with the

use of hump riders continues to show the approximate savings given in

last year's report. This difference varies with local conditions such as

amount and character of the business, length of the cuts, size and

arrangement of the yard, etc., and becomes greater as the volume of

traffic increases and use of the yard approaches its full capacity.

In designing a retarder hump yard the question of grades should be

carefully studied. Climatic conditions, character of the loads and equip-

ment, prevailing winds and proper compensation for curvature should

be taken into account. The yard tracks connecting near throat of the

ladders have less resistance than the outside tracks on account of the

route being more direct with fewer curves and switches, also the grades

on the inner tracks extend farther into the yard. For these reasons they

should be assigned to classifications having light, slow-running class of

cars, if possible. Compensation for curvature should be less for heavy

loads than for empties ; .025 per cent per degree of curvature is suggested

for tracks on which heavily loaded cars or free running cars, such as

loaded refrigerators, are handled exclusively and .04 per cent for empties;

.03 per cent is used for the average run of traffic. Where mixed cars

are handled, the empties are allowed to enter the lead at greater speed

than the Igaded cars ; also the speed of all cars is regulated when leaving

the lead to take care of the variation in length of grade in body tracks

through the yard. Each yard presents a separate study and grades from

an existing yard should not be adopted for a new design without first

making a careful comparison of the prevailing conditions at both yards.

Use of the car retarder has, to the present time, been confined prin-

cipally to hump classification yards, but it is adaptable for other gravity

tracks such as at ore docks, coal tipples, etc. An example of this use is

the recent installation at the coal unloading plant of the Commonwealth
Edison Company in Chicago. Conditions may also be found where the

retarder can be used to advantage in small yards, or for certain tracks

in large yards where the switching is done mainly by shunting.

As stated in the 1926 report, the rate of acceleration of a car on a

grade decreases as the speed increases. Recent tests show that there is
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a critical speed for entering each length of retarder above which the

effectiveness of the retarder rapidly decreases and below which it rapidly

increases. The speed of heavy cars should be kept as low as consistent

with proper spacing. For extremely heavy cars the speed should be held

below six miles per hour and the grades should be established and the

retarders so located as to accomplish this purpose. Where a scale is

located on the hump, a gradient of 1.0 per cent is suggested over the

scale and for a minimum distance of ten feet above and below the scale.

Accompanying this report are plans and profiles of yards equipped

with car retarders, as follows

:

Exhibit "A"—The Gibson westbound yard of the New York Central

Railroad.

Exhibit "B"—The Markham northbound yard of the Illinois Central

Railroad.

Exhibit "C"—The East St. Louis yard of the Illinois Central Railroad.

Exhibit "D"—The Blue Island eastbound yard of the Indiana Harbor

Belt Railroad.

The Gibson Yard was the first hump yard in America to be operated

with car retarders and the present layout is the outgrowth of the experi-

mental plant used in developing the car retarder. It was put in full

operation in December, 1924.

The Blue Island Yard is the latest installation and was opened for

service in August, 1926. The hump and leads are new construction and

were designed especially for car retarders, based on experience at the

four yards previously equipped with retarders. All classes of freight are

handled, including a large volume of perishable freight. A gradient of

1.2 per cent was used along the lead tracks and of .25 per cent for the

body tracks. The yard has been operated under both summer and zero

weather conditions and the grades shown have proven satisfactory.

In the December, 1926, Bulletin of the International Railway Congress

Association, the Committee finds record of the installation of appliances for

braking wagons in marshalling yards controlled from a distance. This

installation was made by the Midi Railway of France at Bordeaux and

Narbonne.

The Committee presents as a matter of interest three illustrations of

this installation.

Conclusion

That this report be received as information.
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Fig. 1
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Fig. 2
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Appendix F

SUITABLE PROFILE FOR HUMP YARDS

V. I. Smart, Chairman, Sub-Committee; Otto Gersbach, M. J. J.

Harrison, W. B. Rudd.

Your Sub-Committee, appointed in November 1926 in accordance

with instructions to "Report on a Suitable Profile for Hump Yards" has

made a review of the work which has been done on this subject by the

Yards and Terminals Committee in previous years.

This question was reviewed and brought up to date by your Com-
mittee of 1917, and their report is contained in the Proceedings, Vol. 18,

pp. 714 to 718. Three profiles were recommended for a mixed traffic of

merchandise and empties.

No. 1 for cold climates.

No. 2 for moderate climates.

No. 3 for warm climates.

In making reference to the speeds developed by cars passing down a

given grade under the action of gravity, your Committee of 1917 made
mention of certain elements which affected the movement. These are

:

1. The type of car,

With the same type of car.

2. The length of car.

3. Whether loaded or empty.
4. Lubrication of car.

5. Efficiency of maintenance of car.

6. Temperature.
7. The length of time cars stand before being pushed over the

hump.
8. Head winds.

9. Maintenance of tracks.

10. The personal effect of the rider.

11. Use of scales on the hump.

The 1917 Committee make the statement "that suitable gradients

and designs for any particular yard are separate and distinct problems

for that yard and are dependent upon the location of the yard, the traffic

to be handled and the number of classifications."

This statement is fundamental and it is quite impossible to set up a

definite profile. Therefore it would be better not to include any definite

profiles in the Manual. It is thought, however, that if all of the different

elements which affect the operation of a hump yard are studied, the max-

imum and minimum effect of each can be determined and tables or graphs

set up so that having determined upon certain limiting values for the

different variables, the length and rate of gradients can be determined

upon for each specific case. Your Committee believe that this method

would be more useful than any typical profile which could be submitted.

Due to the introduction of car retarders in recent years, the question

of proper gradients and arrangements of classification leads has been

materially affected, and it is suggested that the question of low gradients

for retarder operation be included in the problem.
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In order to make a comprehensive report upon this subject, consid-

erable data will have to be gathered.

As the energy available for classification on a hump is gravity, the

following elementary formulae are important, as by their use the graph-

ical determination of the effect of different profiles and conditions can be

examined

:

The distance through which a body will fall from rest due to gravity

is equal to the square of the velocity divided by twice g, the acceleration

due to gravity, or

zr

d =~ (1)

2g

Similarly, the distance through which a body will move starting from

rest due to an acceleration force will be the square of its velocity divided

by twice the acceleration, a, or

7/

d = (2)

2a
Or if a body be uniformly accelerated in a distance of d ft. from rest

to a velocity of v ft. per sec, the acceleration will be

zr

a = (3)
2d

The force necessary to produce the acceleration, a, in a body of

weight, w, is

wa
F = (4)

ZVZ''

Or F = (5)

2f/d

Expressing the velocity in miles per hour M,
52S0M

V =
3600
w / 5280. 5280 \

And r =— X I — Ur
3600 /2gd V;

If the weight is in tons T,

Then tc; = 20007 and

66.9 TM''
F =

d

Allowing approximately 5 per cent for the effect of the rotating

wheels in applying this formula to train movement
70 ikfr

F = (6)

d
If the velocity is to be increased from Mi to Mj miles per hour, the

force required will be

T
F = 70— (M,'— M,' ) (7

)

d
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The force F in pounds per ton would then be

70

Ft ^ — {Mi— Mi^)
d

The resistance of a gradient to a train is due to gravity. The work
done in lifting the train through any vertical height equals the weight

of the train multiplied by the number of feet through which the train is

lifted, and the work is the same whether the train is lifted vertically or

on an incline of length /, and since work is force times distance, the

force R required on a gradient multiplied by the length of the gradient

is equal to the weight T times the rise E.

Or TE = Rl
TE

Therefore R = (8)

/

When / is one station of 100 feet and E is feet per 100 feet of the

grade, if The one ton of 2000 lb., the value of R in pounds per ton will be

2000 X rate of gradient

R = _
100

= 20 X rate of gradient (9)

The velocity head VH or the equivalent feet of vertical distance through

which a body will rise at any instant due to its velocity of translation is

V'

d =
2g

5280
And if we substitute M for t' and allow approximately 5 per

3600

cent for the effect of the rotating wheels

Then VH = .035/1/=

The attached graph indicates the velocity head for varying speeds up

to 10 miles per hour.

In a hump yard the force F utilized for the classification of the cars

is that due to gravity in running down the gradient. Therefore the force

available for acceleration in pounds per ton of cars moved is 20 X the rate of

gradient less the car resistance R. Then the distance in which the

velocity of a car will increase from Mi to M^ will be

70 (AW — Mr)
d —

20r — R
and dividing the numerator and denominator by 20 to reduce to an equiva-

lent grade resistance

3.5 (ilf.=— il/i')

d =—— (10)
r — R

•20

The numerator is 100 times the difference in velocity heads and the

denominator is the rate of the falling gradient less the equivalent grade

resistance of the running car.
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100 X VH, — VH,
Then d =

r— R

20

Or in stations of 100 feet

VH2 — VH,
d =

r—R
(11)

20

T time in seconds and if the velocity M is in miles per liour M.

Then t

would be

15rf

\\M

\3d

or time in seconds to accelerate from Mi to 3/2

(12)

11 (M,— .]h)

Having found the distance required for a given increase in speed

from (11), substitute this 'value for d in (12) and solve for t.

The type of car affects the value of the resistance which the car

offers to running on the gradient. It will therefore be necessary to have

data accumulated to arrive at an average resistance for each class of

car.

The length of car has the effect of virtually raising or lowering the

hump and has a material effect upon the vertical curve which should be

used, as a car with long truck centers will not cause the center of

gravity of the car to rise as high, passing over an apex, or fall as low,

passing through a sag, as a car with short truck centers.

A loaded car will accelerate faster than an empty car. Therefore

the loaded car will have a tendency to gain upon the empty car in coast-

ing down the incline.

The degrees of perfection in maintenance will have an effect upon

the resistance offered by cars.

Temperature will affect the resistance.

Length of time that cars have to stand before being pushed over

the hump will affect the resistance.

Head winds will affect the resistance.

Condition of the tracks will affect the resistance.

The personal equation of the rider will cause him to apply brakes

too soon or delay too long.

The use of scales on the hump will affect the design of hump due to

the necessity of limiting the speed of cars over the scales and providing

sufficient time for the scales to properly weigh the car.

It is the intention of the Sub-Committee to accumulate the necessary

data with a view to constructing tables and graphs to be used in the

design of humps and classification yard leads.
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H. G. Dalton, D. F. McLaughlin,
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Hugo Filippi, A. L. Sparks,
A. M. Griffin, O. G. Wilbur,
E. A. Harrison, A. H. Williamson,

Committee.

To the American Raikvay Euyir.cifing Association:

Your Committee respectfully presents herewith report covering the

following subjects:

(I) Revision of the Manual. See Appendix "A."

(3) Study and report on steel sash versus wood sash for railway

buildings. See Appendix "B."

(5) Study and report on plastic and composition floors for railway

buildings. See Appendix "C."

(6) Study and report on permissible grades for ramps for railway

buildings. See Appendix "D."

(8) Study and report on various forms of unit construction for rail-

way buildings. See Appendix "E."

(9) Study and report on various substitute materials for wooden

construction of railway buildings, with special reference to economic

features. See Appendix "F."

(II) Specifications for Railway Buildings—Structural Steel and Iron,

Slate Roofing and Sheet Metal Work. See Appendix "G."

Action Recommended

1. Recommendations be approved for publication in the Alanual.

3. Be received as information.

5. Be received as information.

6. Be received as information and Summary approved for pulilication

in the Manual.

8. Be received as information.

9. Be received as information.

11. Be received and approved for publication in the Manual.

Recommendations for Future Work

(1) Continue the study of specifications for railway buildings.

(2) Continue the study and report on artificial lighting for railway

buildings.

Rulletin 294, February, 1927.
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(3) Continue the study and report on methods for improving office

arrangements (lighting, ventilation, conveniences, etc.).

(4) Continue the study of rules and regulations governing the conduct

of employees of the Building Department, collaborating with Committee
XII—Rules and Organization.

Respectfully submitted,

The Committee on Buildings,

W. T. DoRRANCE, Chairman.

Appendix A

(1) REVISION OF THE MANUAL

G. A. Belden, Chairman, Sub-Committee; W. T. Dorrance, F. L. Riley,

A. H. Williamson.

It is recommended that the following revisions be made in the Manual
as published in Bulletin No. 287, Vol. 28—Supplement to Manual 1921.

1. Freight Houses

Under "Fire Protection"

:

(a) General.—On page 42 change the second word in the first line

from "house" tO' "hose."

On page 45 substitute the heading "Scales" over the third paragraph in

place of the heading "Repair Room."

On page 46, paragraph (h) "Type of scale" should be revised to

read as follows :

Where a large volume of freight is handled during short periods, dial

attachments to scales are recommended, as the additional cost of installation

and maintenance is justified by the increased amount of freight that can

be handled.

Where the volume of freight handled during short periods is not large,

beam scales are preferable.

2. Oil Houses

Add the following paragraph to the subject-matter on page 46:

(k) For storing small quantities of oils, paints, etc., the use of

rectangular or cylindrical steel tanks, arranged in batteries and located on

the main floor of the oil house, is recommended. Such tanks should be

equipped with barrel track, and barrel cradles for handling oil from, barrels

tO' the tanks and with measuring pumps for delivering oils. Cylindrical

tanks should be used, for storage of paints which have to be kept mixed

and tanks in which paints are stored should be equipped with agitators.

Rectangular tanks are preferable for oil storage on account of requir-

ing less floor space for a given capacity than cylindrical tanks.

The installation of a chain hoist for handling barrels is recommended.
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3. Rest Houses

On page 48 under the heading "Locker and Lavatory Rooms" re-

vise fifth paragraph to read as follows:

"Locker and lavatory rooms should have impervious floor surfaces,

properly waterproofed and preferably plastered walls."

4. Passenger Stations

Under "Lighting, Electric" the present subject-matter and tables arc

to be eliminated and the following inserted

:

Lighting: Electricity is the safest, most satisfactory and desirable

method of lighting, and such lighting should be installed in all stations

where reliable current is available at reasonable cost.

It is recommended that all wiring be installed in rigid metal conduit.

Circuits should be arranged so that lights may be controlled with the

view to the minimum consumption of current, consistent with comfort,

convenience and safety, and so that the controlling devices will be accessible

to those employees who are responsible for the economical operation of the

lighting system.

The intensities of illumination recommended for the various portions

of a station are given in the following table

:

Waiting rooms 2 to 4 foot candles

Rest rooms, toilet and smoking room 1 to 3 foot candles

Ticket office 6 to 10 foot candles

Concourse 1 to 2 foot candles

Baggage room 3 to 6 foot candles

Train platforms 0.5 to 1 foot candles

Fixtures should be selected which will give the desired intensity of

properly diffused light without glare.

For waiting rooms, ticket offices, rest rooms, toilet rooms, smoking

rooms and concourses, indirect or semi-indirect lighting is recommended.

For baggage rooms and covered train platforms, direct lighting fixtures

equipped with enameled iron reflectors will generally prove satisfactory and

economical.

For illuminating uncovered train platforms, the use of flood lights

should be considered, providing they can be installed without producing a

glare that will be objectionable and dangerous to train crews.

The present subject-matter under "Stairways" is to be eliminated and

the following inserted

:

Stairways and Ramps : Stairways and steps shall be avoided where

ramps can be used.

Ramps for pedestrian use only, with wearing surfaces properly treated

with a non-slip material, and constructed on grades under twelve per cent,

are recommended as good practice.

Treads of stairways should be provided with safety treads or treated

with a non-slip surfacing material.

Widths of treads for stairways used by the public shall be not more
than 13 inches, nor less than 11 inches in width, and risers not more than 7

inches nor less than 6 inches in height, the sum of 2 risers and one tread

shall be between 25 and 26 inches. The width of treads shall be taken

as the horizontal distance from face to face of risers.

Where stairways require more than 16 risers, provide intermediate

landings, keeping the length of single flights as near 10 or 12 risers as
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possible. Use no steps with less than 3 risers. Where used, nosings on

treads should be limited toi a projection of one inch.

Make width of landings in direction of travel not less than 4 feet.

Where practicable, provide same height of risers and same width of

treads for all stairways used by the traveling public in any one building.

Risers and stringers should be of closed construction.

Provide ample natural and artificial light for all stairways, avoiding

glare and shadows.

Provide hand rails on both sides of all stairways and center hand rails

on stairs 8 feet wide. Place top' of hand rail 34 inches above tread, measured
on line of face of risers and keepi center line of hand rails at least 5 inches

from side walls, or 8 inches center tO' center for intermediate hand rails.

Stairways and ramps should be located conspicuously in main lines of

travel, with ample space at top and bottom for crowds to disperse without

confusion.

5. Specifications for Railway Buildings

Section 1—General Conditions :

Article 5
—"Working Drawings" is to be revised to read as follows

:

The Contractor shall submit to the Engineer in triplicate, copies of all

working drawings and erection diagrams of all parts of the work, including

both structure and equipment.

Said drawings shall include list of all parts of equipment with pattern

numbers or other necessary designation in order that repair parts may be

readily ordered in the future.

These drawings shall measure outside and

inside, border lines. All such drawings must be appro'ved by

the Engineer before the work involved is started. The approval of said

working drawings by the Engineer shall not imply any change in the

specifications or relieve the Contractor from the responsibility of any errors

thereon. No change shall be made on any approved drawing without the

written consent of the Engineer. The Contractor shall supply additional

copies oi working drawings and erection diagrams on request.

Upon completion of the work the Contractor shall furnish a complete

set of corrected ink tracings on cloth, or Van Dyke prints on cloth made
from ink tracings, of all working drawings and erection^ diagrams and

this set shall be a true record of the work as constructed.

Article 10—"Permits, Laws and Ordinances" is to be revised toi read

as follows

:

All work shall conform with the State or Municipal laws, ordinances

or regulations governing such work. The Contractor shall give all requisite

notices in connection with his work to the proper authorities, and shall

procure at his own expense all permits, licenses, etc., oi every description,

necessary for the construction and completion of the work, and shall

deliver to the Company all certificates of inspection for plumbing, electric

wiring, or any other branch of the work for which such certificates may be

required in connection with this contract.

Wherever these specifications, or any document which they supplement,

conflict with the building code of the city or town in which the work is

executed, the Contractor shall submit the question as to which toi follow

to the Engineer and abide by his decision.
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Appendix B

(3) STUDY AND REPORT ON STEEL SASH VERSUS WOOD
SASH FOR RAILWAY BUILDINGS

E. A. Harrison, Chairman, Sub-Committee ; A. C. Copland, D. F. Mc-
Laughlin, L. G. Morph\% G. A. Rodman.

Wood vs. Steel Sash for Railway Buildings

Among the important factors to be considered in the design of rail-

way buildings are ample daylight and ventilation. These results are usually

obtained by placing window openings in walls, and the type of sash giving

the best service is important. Various sash, such as wood, pressed hollow

metal and solid bar sections, are the generally accepted types. These sash

are operated in several ways, such as double hung or counterbalanced,

casement or side opening, center or top pivoted by means of sash centers.

Wood Sash

In frame or combination of frame and stucco, wood sash is the usual

type used. If building is a temporary affair, the commercial stock sash

will answer. If building is of permanent construction, it is advisable to

use the most serviceable material, such as genuine Northern White Pine

or approved Cypress. Stock should be thoroughly seasoned, put together in

white lead and primed before shipping.

Hollow Metal Sash

Hollow metal sash has its uses in office or other buildings than shops.

Glazed with w'ire glass, it is a protection against fire or other hazards from
outside sources. These sash come in several types and where double hung
are usually crimped to form a weather strip between sash and frame, pre-

venting air leakage and drafts.

Solid Bar Sash

This type of sash is generally used in shop buildings when same are

of steel, concrete or masonry construction. The glass sizes are standard

and the sash readily procurable in almost any locality.

Operating Devices

The operation of double hung or counterbalanced sash is well under-

stood. Where long stretches of sash or ventilators in shops are to be

operated, the use of worm and gear operating devices controlled from a

point 5 ft. in. above floor level is very satisfactory.

Ventilation

The subject of ventilation is important and to accomplish this there

are two principal problems to solve, that of getting air into and out of the

building. In the case of double or triple hung counterbalanced sash, the

opening will range from approximately 48 to 64 per cent of the sash area.

In center or top pivoted type the opening is nearly 100 iK;r cent. In steel
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sash the amount of ventilation can be enlarged or modified with necessary

freedom in location to take advantage of flow due tO' temperature increases

and wind action.

Maintenance

Both steel and wood sash must be properly maintained by painting to

secure length of service. The life of wood sash is materially longer than

that of steel sash where maintenance is neglected. Wood sash should

receive one priming coat oi paint and two field coats. Steel sash should

have shopi coat and twO' coats of paint in the field, applied before glazing.

In engine houses or other places where sash are exposed tO' various gases,

painting is of the utmost importance, as these have a deteriorating effect

on both wood and steel. A frequent cleaning with water will prolong the

life of steel sash by washing away acid sludge.

Protective Coatings

Wood and steel sash have, in common, one protective coating, good

paint app'lied on a clean surface. For certain conditions, such as where

fumes and excessive moisture are encountered, hot galvanizing on steel

has given satisfaction, when properly applied. The ventilators and sash

should be galvanized separately and then reassembled and fitted. Bronze

bolts should be used in assembling the sash, hardware and mullions. Gal-

vanized work should be allowed to oxidize before painting.

Tightness

In case of wood or hollow metal frames and sash, air leakage can be

eliminated in double hung or counterbalanced sash by caulking around

frames and weather stripping the sash; this also applies to the casement

type. Steel sash frames are bedded in wall and offer no' frame leakage.

Steel sash are as close fitting as wood and not subject to shrinkage or

swelling.

Life

The life of sash varies considerably, due to climatic conditions.

Genuine Northern White Pine or approved Cypress are rated to have the

best lasting qualities, but should be painted approximately every three years.

Hollow metal sash and frames will fail rapidly if not properly maintained

and the same results will occur with the solid bar sections. Both oi these

types should be painted at intervals of two years.

Summary

Steel sash appears toi be gradually taking the place of other materials

for the following reasons

:

By comparing wood and steel sash, it is apparent that a greater per-

centage of glass area is available in steel sash than in the wood sash of

same opening.

In the various classes of buildings where practical to use same, steel

sash can be installed at less expense than a good quality of wood sash.

Steel sash, glazed, with % in. glass, offers fire protection, and where

glazed with % in. wire glass, is rated as a fire retardant.
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All manufacturers of steel sash, solid bar section, keep to a standard

size, coming complete with hardware fitted, they are easily and quickly

erected, and in case of replacement, new sections can be obtained readily.

There is no trouble due to shrinkage or swelling in steel sash.

In case of neglect or lack of maintenance, a good quality of wood sash

will have a longer life than the steel.

Appendix C

(5) STUDY AND REPORT ON PLASTIC AND COMPOSITION
FLOORS FOR RAILWAY BUILDINGS

A. L. Sparks, Chairman, Sub-Committee; C. G. Delo, Hugo Filippi, G. A.

Rodman.

PLASTIC AND COMPOSITION FLOORS FOR RAILWAY
BUILDINGS

Classified under this general heading are Portland cement, asphalt mas-

tic, terrazzo and magnesite composition floors.

Floors suitable and economical for most any type of railway building

may be foimd in this list.

Portland Cement

Portland cement troweled surfaces are the simplest and, therefore, most

commonly used and generally the least expensive.

It offers more possibilities for varied application, quality of surface,

architectural treatment and adaptability to conditions than any one of the

other types. It can be applied with less skill, and yet with proper skill

carefully studied designs can be successfully rendered even in monumental

buildings.

There are many products on the market for hardening troweled cement

floor surfaces, but the quality of the surface depends upon the skill of

the mechanics, the speed, pressure and length of time troweled, together

with the quality and mixture of the cement and aggregate.

Very satisfactory results are obtained by the proper use of metallic and

chemical hardeners. In using metallic hardeners steel filings or dust or

carborundum dust is sprinkled over tlie wet surface and vigorously troweled

into the surface. In using chemical hardeners the chemical is generally

delivered in crystal form, mixed with water in wood tubs and flowed over

the dry floor after it has permanently set. This hardener may be applied

over old floors. The steel metallic hardeiier sometimes makes a very slick

surface. The carborundum hardener makes a non-slip surface. The

chemical hardener docs not materially change the .surface in appearance or

abrasiveness but retards dusting. The use of these materials does not

insure a good job.
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A first-class surface properly applied without either and by a skilled

mechanic often results in a better floor than one with hardener when
applied by an unskilled mechanic.

Cement floors are sanitary, fire-proof, quickly installed in new build-

ings, make little extra weight on concrete slabs when constructed mono-
lithic, and give fairly long service except under heavy trucking. Cement
surfaces are difficult to> renew and somewhat difficult to patch so as to

make a presentable appearance.

There are a few magnesite, carborundum or other patching materials

on the market which readily adhere tO' old, dry, clean cement surfaces set

hard in 24 hours and give satisfactory results. The material can be applied

by B&B forces. Precast cement tiles in squares or figures are often

used for insets and in making borders around trowel-finished floors.

Asphalt Mastic

Floors of mastic made from Trinidad Lake and other pure asphalts

mixed with gilsonite and other aggregates are gaining favor quite generally,

it seems, for shops, freight houses and warehouses on account of the long

life, resiliency, imperviousness to moisture and surface water and on account

of being susceptible toi application over practically any kind of firm, hard

surface. In past years workmen skilled in the application of mastic were

few and far between, for which reason a large percentage of bad installa-

tions or failures were experienced. Skilled workmen are now tO' be found

in many oi the larger cities and more standard methods of preparation of

the material practically eliminate -the element of experiment and make

this type of flooring economical, particularly in resurfacing floors of shops,

freight houses and other buildings which must be operated while repairs

are being made.

It may be laid over old wood floors, over brick, concrete, stone or old

mastic floors, with no particular objection toi pits and holes, providing the

base is firm, solid and free from grease, except that it requires more mastic

material to fill them. The surface may be made hard or soift according

to the amotmt and kind of aggregate mixed with the asphalt. It may be

applied in various thicknesses according to> the requirements.

In San Autonio a number of wood deck street bridges over the San

Antonio River are surfaced with rock asphalt one inch thick and large

areas of treated wood block street paving which had become loosened during

the flood were resurfaced with a thin layer of the same asphalt, about

%. inch thick, with good' results. This, of course, is a mastic of different

nature from that generally required for floors but the above indicates some

of the possibilities for its use over old wood floors and under extremely

heavy traffic conditions. One railroad has recently resurfaced the upper

deck of an icing platform with rock asphalt, but it has not yet been in

use sufficient length of time tO' determine the results. The better estab-

lished dealers in mastic flooring do' not generally recommend a surface of

less than 1J4 inches in thickness or more than 1^ inches in locations

subject to heavy trucking, or where heavy tools and materials are handled.
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Thin plastic composition floors made from asphalt containing various

hardening substances and coloring materials are used for kitchens, dining

rooms, elevator cars, railway coaches and in other places where battleship

linoleum might otherwise be used. The material is applied in from one to

five coats and in thicknesses of from ^ to J^ inch.

It is not a long lived surface but seems, where properly applied, to

give about the same service as the best of battleship, however, but at slightly

greater expense on large jobs. It possesses some qualities not found in

battleship in that it makes a more water-tight surface, does not get brittle,

curl up and break. Asphalt mastic makes a very flexible surface, is dust-

proof, practically fireproof and light in weight, acidproof, a non-conductor

of electricity and not seriously affected by contraction and expansion or by

vibration.

All forms of asphalt mastic floors are easily patched.

Terr.'vzzo Floors

Terrazzo made of concrete composed of Portland cement and various

colors of marble chips and marble dust poured in place and polished to a

finish are justly becoming more and more popular for the surfacing of

floors in waiting rooms, dining rooms, lobbies, toilets and public rooms,

where a good hard sanitary floor is desired. When laid plain without

borders or other trimming, it is economical.

With inset borders and figures of precast terrazzo and with brass

strips in the joints breaking the areas up into geometrical patterns the most

beautiful of floors are possible at less cost than that of any other vari-

colored material of equal appearance.

Due to the fact tliat it can be applied in plastic form, it is applicable

where marble or tile would be used with difficulty. It requires a new

concrete base of from 2 to 3 inches when laid over old floors, but may be

worked in connection with new concrete floor slabs so as to require a thick-

ness of from ^ to 1 inch.

On account of its mottled texture of various colors it shows soil less

than any other type of floor, which makes it particularly desirable for

waiting rooms.

Room base with cove shoe, stair treads, risers and skirtings may be

made of the same material, at somewhat less cost than marble, except in

localities where marble is quarried and milled.

Magnesite Composition

Floors of this type come under two classes : Those made from a com-

position of magnesite and other mineral aggregates, known as "All

Mineral," and those made from a composition of magnesite and some

vegetable substance, such as wood flour, cork chips or otlier similar sub-

stances.

There has bec-n much expensive experimenting done with these materials.

Many small dealers have attempted to establish themselves, only to last a
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few months or years on account of the large percentage of failures due

to inexperienced workmen, which has built up some imjust prejudice against

the material.

There are now well established organizations which have been con-

tinually operating for 20 years or more, which have successful jobs to

their credit 15 to 20 years old and who guarantee installations made with

their own experienced workmen.

Some dealers sell the materials to be laid by the purchaser. This is

being done successfully in railway coaches and similar places but not so

successfully in buildings.

Besides the necessity for skill in applying the surface, it is necessary

to have some knowledge of the chemicals as the magnesite powder loses

its strength quite rapidly and the magnesium chloride, sometimes delivered

in sacks, will practically waste away in from 6 to 8 weeks. Some of the

better class operators will not use material which they have on hand longer

than 10 days. One St. Louis industry laid a floor of materials 6 months

old, and on the day following completion found their floor turned to powder.

Magnesite flooring may be successfully laid over old wood, stone,

metal, concrete or other fairly smooth and firm base, so long as it is clean,

dry and free from grease. It is usually laid about Yz inch- thick.

The all mineral generally contains marble chips or other such aggre-

gates and resembles terrazzo. It is applied with a trowel, smoothed and

finished with grinders much the same as terrazzo-, except by the dry grind-

ing process. It presents a hard smooth surface similar tO' marble.

The vegetable magnesite composition cannot be smoothed with a grinder

but is surfaced by troweling and rolling. An asphaltic filler or binder is

generally first applied tO' the base and where the base is low requiring more
than Yz inch of surface a scratch coat or base is applied, bringing the top

oi the base up to* Y^ inch below finished floor line. All mineral magnesite

flooring may be had in most any color, may be used for floor, base, wain-

scot and stairs. It is light weight, fireproof, non-dusting, non-skidding,

not affected by acids, impervious tO' moisture, easily cleaned, does not show
dirt readily, and better floors are sufficiently flexible to withstand a deflec-

tion oi 6 inches on a 12-foot span without cracking.

The all mineral floors will withstand extremely heavy pressure without

crushing. It is a good material with which to surface wood floors in depot

waiting rooms and can be laid over an old floor for from 70c to^ 90c per

square foot.
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Appendix D

(6) STUDY AND REPORT ON PERMISSIBLE GRADES FOR
RAMPS FOR RAILWAY BUILDINGS

O. G. Wilbur, Chairman, Sub-Committee; H. G. Dalton, E.. W. Everett,

A. L. Sparks

(I) GENERAL
The study of ramps for railway buildings is a subject upon which,

although there is only a limited amount of data available, the results ob-

tained from the major installations studied are of sufficient scope to indicate

a broad field for the effective application of ramps in railway building

construction.

(II) PEDESTRIAN RAMPS
The ramps for pedestrian use in the Grand Central Station, New York

City, have been in service over a sufficient number of years to have passed

beyond the experimental period and are therefore cited in this report as

examples of good practice. The Chicago Union Station, a terminal of more

recent construction, is also referred to because of the satisfactory results

that are being obtained from their ramp construction.

In designing the ramps for the New York Central Terminal, experi-

mental ramps were built which were ascended by persons carrying bags

and other burdens. As a result of these studies the plans were prepared

for construction of ramps in general not exceeding a ten per cent maximum
grade. This grade was used on ramps from both the Upper and Lower

Level Platforms to the Concourses, the Upper Level ramps being about 30

feet in length and the Lower Level ramps about 135 feet in length, but

in general the grades are under ten per cent. There is one ramp located

at a pedestrian entrance to the station which is on a grade of n.6 per cent.

The Grand Central Terminal ramps are all of structural steel con-

struction with reinforced concrete slab. The first of these ramps placed

in service were surfaced with cement with carborundum troweled into the

wearing surface. This surfacing was done under most trying conditions

and in extremely cold weather, but the work has stood up exceedingly well

under traffic. Ramps throughout the building which were originally surfaced

with clay tile when first laid had sufficient abrasive qualities to prevent

slipping, but with continued traffic became slippery to such an extent that

on those ramps where the traffic was heaviest it became necessary to replace

the tile with other material. On the 11.6 per cent ramp a non-slip patented

Solry cement tile was laid. This tile \vas cast of a size 6 in. by 6 in. about

1 in. in thickness and bedded in cement mortar. On one of the wide ramps

connecting the Upper and Lower Levels Solry cement mortar surfacing

about one inch thick was applied and rubbed with a rubbing machine similar

to that used for surfacing terrazzo and marble floors. The result has

been exceptionally good. The floor is smooth, free from cracks and has

sufficient abrasive qualities to prevent slipping without making walking

uncomfortable.
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Several other ramps in the Terminal have been resurfaced with dif-

ferent materials from time to time, Kingwood stone, Potsdam sandstone

and travertine having been used. These materials, while sufficiently abrasive

to prevent slipping (with the possible exception of travertine, which has

not been used on, ramps in excess of six per cent grade) wear out rather

rapidly under heavy trafific.

In the Chicago' Union Station the ramps from the passenger platforms

to the Concourse are on a 6.75 per cent grade and are 70 feet long. The

grade of the ramp'S from the Concourse to^ the street level, used mostly by

commuters, is eleven per cent and the length approximately 182 feet, giving

a total lift between the street and the Concourse floor of 20 feet. The

ramps of 6.75 per cent grade are constructed of concrete with carborundum

grains sprinkled over and troweled into the top of the mortar coat. Twelve

pounds of carborundum grains consisting oi equal portions of sizes 30, 40

and 60 grains were used to the 100 square feet of platform. The 182 foot

ramp of eleven per cent grade is surfaced with a so-called art marble tile,

which is a composition of marble chips, sand, alundum and cement. These

tiles are 3% inches wide by 12 inches long and are laid with a transverse

joint every four inches to prevent slipping. The face of the tile is laid

at a slight inclination to the grade of the ramp, with the up-hill edge

beveled. This method of laying provides a very effective foothold every

four inches and on the ramps referred to there have been no accidents

since the Station was put in service, although they lead directly to the

street and are subject to tracking of snow.

A recent traffic count in the Chicago Union Station would seem to

indicate that these ramps are used in preference to stairways, which are

adjacent tO' them, in the ratio of two to one, and it is estimated that three

million people have used the eleven per cent ramp vdthout an accident since

the opening of the station.

(Ill) TRUCKING RAMPS
The 30- foot ramps of ten per cent grade in the Grand Central Terminal

referred toi in the second paragraph under the caption "Pedestrian Ramps"
are also use,d by electric trucks in trucking baggage. Although these ramps

are on a ten per cent grade, the trucks do' not seem tO' have any particular

difficulty in ascending them because they are only about 30 feet in length

;

however, when consideration is given tO' battery capacity weight of truck

and pay load carried, it has been the experience of tractor and truck manu-

facturers that the operation of electric trucks becomes im-economical on

ten per cent grades unless the ramp is short.

Hand trucking on ramps whose grades exceed ten per cent is very

difficult, except for small hand baggage trucks, imless the length oi ramp

is very short.

The grade of the baggage, mail and express ramps in the Chicago

Union Station is 6.75 per cent and their length is 180 feet, making a total

lift from basement to platform of twelve feet. The wearing surface on

these ramps is asphalt mastic and no difficulty in operation is encountered
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either with a burden-carrying electric truck or with an electric tractor

pulling as many as three trailers loaded with the average load of baggage,

mail and express. Occasionally, when the surface of the ramp is wet, the

ramp becomes slippery and requires sanding.

The Chicago, Burlington & Quincy Railroad Company have recently

constructed a three-story, reinforced concrete general storehouse at Aurora,

111., which is equipped throughout with ramps for tractor and trailer service,

no elevators being provided in the building.

In this building the ramps are constructed on a seven per cent grade,

the roadways being divided into two lines, one for upward, and one for

downward traffic. The ramps are surfaced with asphalt blocks and after

being in service over a year are found to be giving complete satisfaction.

(IV) SUMMARY
Ramps for pedestrian use only, surfaced with a non-slip material and

constructed on grades under twelve per cent give satisfactory results.

Ramps for trucking service, either hand or power, develop difficult and

uneconomical operation when the grade exceeds seven per cent unless the

distance traversed is very short.

Results obtained from operation of ramps on these grades have been

exceedingly satisfactory and it is felt that a great measure of the successful

operation of the terminal facilities mentioned in this report, in handling

people, baggage, mail and express, is due to the use of ramps and to the

elimination of elevators, stairways, conveyors, etc.

Appendix E

(8) STUDY AND REPORT ON VARIOUS FORMS OF UNIT
CONSTRUCTION FOR RAILWAY BUILDINGS

A. C. Irwin, Chairman, Sub-Committee; L. L. Kelly, D. F. McLaughlin,

O. G. Wilbur, Hugo Filippi, J. W. Orrock.

CONCRETE UNIT CONSTRUCTION

The system of concrete construction commonly called "Concrete Unit

Construction" in which precast concrete sections or "units" are used con-

sists of the production of these units in a casting yard, their transporta-

tion to the site of the work and erection of the units into a structure. This

system or method has been found suitable for certain types of construction.

In general it has been confined to structures in which there are a limited

number of different units but on which many luiits of exactly the same

size are used. Duplication of the structure at various locations has gen-

erally been a factor in the adoption of this metliod. Local conditions have

often governed tlie choice since speed in erection after the site is occupied

is possible and a resultant minimum interference with railroad operations.
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Advantages Claimed for Concrete Unit Construction

Factory methods may be used in the manufacture of tlie units con-

centrating- the work at cme or more stations and saving the transportation

of men and equipment to widely separated points. A convenient central

concreting plant can be laid out. Considerable expense for forms for the

units is warranted since they are used over and over and can be taken

care of and stored while not in use. The forms and reinforcing are as-

sembled and the concreting is done on the ground floor of the plant instead

of on false-work and staging. The concrete can be manufactured uniformly

and the units easily cured and inspected at a central plant under an ex-

perienced foreman. The units can be made in the winter time or other

slack seasons in roadway work using experienced labor which might other-

wise have to be laid off. There is some reason to believe that the units

themselves being manufactured under conditions which can be carefully

controlled may be of lighter sections than might be warranted if made in

the field, thus saving material and also reducing the weight of the units

for transporting and erecting. In other words high quality concrete will

warrant the use of correspondingly high stresses and therefore lighter

sections.

General Construction Details

Various methods are used to unite the units so' that the structures will

approach monolithic construction as nearly as possible. Bolting is resorted

to in the case of one-story buildings to join the wall slabs to the studs.

In larger buildings lugs on the girders and beams are designed tO' fit into

' sockets in brackets on the columns and into grooves in the girders. In

other cases the reinforcement is left exposed where the members join,

the reinforcing bars being made to^ lap and the intervening space filled with

concrete.

Wall slabs in large buildings generally fit into grooves in the wall

columns. Column bases are either enlarged and grouted into the footings or

are fitted into sockets. As a general rule all joints are grouted but in special

cases asphalt has been used.

Descriptions of some buildings in use will best illustrate the various

forms oi concrete unit construction.

SMALL ROADWAY BUILDINGS

A type of unit construction adapted to small one-story roadway build-

ings such as bunk houses, dwellings, tool houses, oil houses, pump houses,

etc., has been used by the Chicago', Rock Island & Pacific Railway in

Chicago.

This type consists of a wall post or stud tO' which inner and outer

wall panels are attached with battens and parting strips held by bolts.

The batten strips and the parting strips are of concrete. The parting

strips are held with bolts through the post and the batten strips by bolts

fastened to- metallic inserts cast in the post. The wall panels are 1 in.
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thick by 3 ft. 1}/^ in. wide by 2 ft. 11/2 in. deep, the edges being formed

to give a shiplap joint. The wall panels weigh 75 pounds, the corner posts

650 pounds and the intermediate posts 250 pounds.

A timber frame roof is used covered with roof boards and ready

roofing but a unit slab roof would provide fireproofncss and be vermin-

proof.

Prec.\st Port.\elf, Coxcrete Houses—Ki Li:

3-6"c he posh

S 'Z.—'-''^
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Engine Houses

The Pennsylvania Railroad has developed a unit system for the con-

struction of concrete engine houses which is in use at several locations,

a typical one being that at Pitcairn yard near Pittsburgh, Pa. This build-

ing was built in sections at different times partly of unit construction and

partly by erection of forms on falsework. The girders have lugs on the

ends which fit into recesses in brackets on the columns. The roof joists

also have lugs on the ends which fit into grooves in the top surfaces of

the girders. The original design provided for a roof slab cast integral with

the joists which however proved too- unwieldy and a roof slab cast in place

was substituted. The joints are grouted and the roof slab anchored with

bolts or studs tO' the joists. The monitor roof covers two bays supported

at the center by a column which extends through to the monitor roof

Precast Concrete Smoke Jacks

girders and at the sides by short posts which carry lintels supporting the

monitor roof joists. The size of the columns varies from 24 in. by 12 in.

to 24 in. by 22 in., excepting the columns at the doors which are 12 in. by

33% in- The columns are enlarged at the base to 3 ft. 6 in. square which

are grouted to footings 3 ft. 6 in. below the Hoor level, the enlarged column

base having a 12 in. by 12 in. recess 3 in. deep which fits over a similar size

projection in the footing. The columns due to the enlarged base are stable

and do not require guy lines to hold them in place during erection. The

entire area in the front of the building between the columns and the lintels

is taken up by the wooden doors. The outer walls are of brick with the

glazed areas of wire glass and steel sash.

The units were manufactured by the railway forces at a central plant

at Morrisville, N. J., and handled by locomotive cranes. The heaviest

members were the 12-ton columns carrying the center of the monitor roof.

The Lehigh Valley has used a concrete smoke jack with the hood cast

integral with the roof slab and a precast stack. The walls of the hood



Buildings 675

and stack are 2 in. thick reinforced with % inch square bars 4 in. center

to center.

The engine house of the Atchison, Topeka & Santa Fe at Riverbank,

Cal., differs from the Pennsylvania Railroad engine house in several par-

ticulars. The column footings are cast with a socket to receive the ends

of the colurruis, concrete being applied after the column was set. The

reinforcing bars arc left exposed at the ends of the girders and columns,

S.\xT.\ Fe Engine House—Riverb.ank, C.\l.

=*^^

Typical Connection—Roof Slabs to Girders

Typical Connection Girders to Columns

the bars being lapped and the space between the units filled with concrete.

The roof slabs are set on ledges in the girders, the reinforcing bars being

exposed and lapped together with the exposed ends of the stirrups in the

girders.

The side wall slabs are grouted into slots 4J/2 i". wide by 1^ in. deep

in the sides of the columns.

Wooden forms were used of which 34 different forms were required

and the units were handled and erected with a stiff-leg derrick.
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In 1924 the Western Pacific completed an engine house and machine

shop of concrete unit construction at Stockton, Cal.

Snow Sheds

Concrete unit construction methods were used in sheds constructed by

the Union Pacific Railroad at Rock River, Wyo.

Western Pacific Railroad Engine House and Machine Shop,
Stockton, Cal.

Construction of Unit Built Engine House for Western Pacific Rail-
road AT Stockton, Cal.

The reinforcement was assembled complete in "cages" and for the larger

units handled by locomotive cranes, the cages were supported clear of the

forms with small blocks of concrete prepared for the purpose.

Wooden forms were used, the parts being cut to templets, sO' that they

could be assembled on tables. No' measurements were therefore necessary

after the pattern form had been. made. The units were cured in the yard

two weeks before use, being kept moist during the entire period.

At this particular site the sheds were erected with a stiff-leg derrick

with a 96 ft. boom allowing the erection oi 60 linear feet of shed with one

setup. The derrick had to be shifted about once each day. Sheds located

in cuts were erected with locomotive cranes.

The joints are made with sockets or grooves and no- reinforcing bars

protruded from the units. The joints are filled with cement mortar except

the transverse joints in the roof slabs over the tops oi the girders and

the joints in the side walls where the side wall slabs fitted into the column.

These joints are filled with asphalt.
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Practically all the sheds are supported on natural foundations, only about

25 per cent of the length of this particular shed being founded on precast

concrete piles.

Union Pacific Railroad Snowsheds

Columns Erected—Slab Roof Going in Place in the Background

Union Pacific Railroad S.MlU^llhll^

Erecting Sidewalls
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Union Pacific Railroad Snowsheds
Erecting Girders

Union Pacific Railroad Snowsheds
40-ft. Girder in Place



Buildings 679

Platform Canopies

Bulletin 238, page 15, shows typical details of the unit constructed

canopies of the Denver Union Terminal, Denver, Colo. This type was also

used by the Southern Pacific Company at Los Angeles, Cal.

Different types of colunms were necessary depending on tlic location.

Of 345 columns, 292 are identical, each 12 in. by 16 in. in section and con-

taining 51.8 cu. ft. of concrete and weighing 7,770 lb. including the T head.

The footing has a socket 2 ft. deep into which the end of the column is

set, the crevices being concreted after the column is in place.

Expansion is provided by making a cut through the entire structure at

intervals of 12 to 16 spans, two columns being used at these points to carry

the adjacent roof spans.

Wichita Union Terminal Railway Company Train Sued

The roof slab is 3 in. thick ajid in the greater part of the structure the

span is 20 feet. The slab is divided into units by joints at each column

and along the center line of the shed. Four transverse ribs extend across

the slab, but tapering down at the edge of the slab. There are two

longitudinal ribs and also two trans\Trse ribs at the ends where the slab is

supported on the bent. Four reinforcing bars were left projecting from the

ends of the roof slabs. They were located accurately so that tiiey lapped

closely. Two of tlie bars are H-in. and the other two are ^-in., the latter

being held together with cable clips. The trough-shaped space between the

adjacent slabs and above tiie bent, 12 in. by 3 in., was filled with cement
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mortar and trowelled off flush with the top of the roof slab. The longi-

tudinal joint between the slabs is beveled from ^-in. at the bottom to Ij^-

in. at the top. In the face of the joint was a groove 5^-in. deep and 1^-in.

wide. This joint is filled with cement mortar.

Expansion is provided for by separating the structure at intervals of

each 12 or 16 columns, providing a double column at these places with a

J/2-in. space between. Attached to- every second column is a 4-in. down
spout to carry away the water falling on the canopy.

The top O'f the canoipy is painted with a heavy bituminous paint tO'

seal up the construction joints.

Construction of the butterfly canopies of the Wichita Union Terminal

Railway Co. followed the design of those at Denver.

Shop Buildings

The illustrations show exterior and interior views of an oil house

and a machine shop building built by the Western Pacific. The construc-

tion is shown very well in the views, particularly the interior of the machine

shop building.

Unit Built Oil House, Western Pacific Railroad, Sacramento, Cal.

REFERENCES

Reinforced Concrete Train Shed of Unit Construction—Railway Age
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Chicago, Rock Island & Pacific Bunk Houses—Railway Maintenance

Engineer, February, 1919.

Atchison, Topeka & Santa Fe Redondo Junction Enginehouse—Railway

Engineer and Maintenance Way, July, 1914.

Western Pacific Engine Terminal—Engineering News-Record, March

11, 1920.

Handbook of Building Construction—Hool & Johnson—Unit Construc-

tion—First Edition, pages 427-431.
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Unit Built Machixe Shop Under Construction, Western Pacific

Railroad, Stockton, Cal.

Western Pacific Railroad Engine House at Stocktijn, Cal., Precast

Concrete Units
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Appendix F

(9) STUDY AND REPORT ON VARIOUS SUBSTITUTE MA-
TERIALS FOR WOODEN CONSTRUCTION OF RAILWAY
BUILDINGS, WITH SPECIAL REFERENCE TO ECO-
NOMIC FEATURES

G. A. Rodman, Chairman, Sub-Committee; A. C. Copland, F. M. Davison,

L. G. Morphy, A. H. Williamson.

It is not the intent of this report to attempt to give figures showing

comparative costs of various substitutes, but simply make comparison, in

a most general way, account of the fact that the cost of various materials

vary so much in different locations, due tO' distance from, source of supply,

with corresponding variation in cost oi transportation and handling that a

commodity which could be sold at a price less than wood at the point of

manufacture might cost considerably more than wood at a point distant

from the factory but nearer the lumber centers.

The following are suggestions for substitutes for • wood construction

and each carrier will have to figure out the economic features for its locality.

Foundations

It is the usual practice to use wood posts and undersills under certain

classes oi buildings. Concrete precast units or poured concrete foundation

in many cases will cost no more and the service life is much longer.

Floor Joists

Sheet metal I beams are coming into pretty general use, and under

favorable conditions are no more expensive than wood.

Floors

On the ground floor of many buildings a concrete slab, on cinder fill,

is cheaper than wood, is more durable, reduces the fire risk and answers

all purposes. As a wearing surface over wooden floors and to^ replace

wood wearing surfaces, the following may be used:

Asphalt : Trinidad, Kentucky Rock, Uvalda, etc.

Magnesite and similar compositions.

Bituminous mixtures which are spread in thin layers.

Tilts of clay, cork and rubber.

Sheet coverings such as linoleum, cork sheet, rubber sheet.

Outside Wall Covering

In place of clapboards there are now on the market several manufac-

tured fibre boards. The first cost is less but they are hardly as durable

as wood, and are only suitable for more or less temporary and special

small structures.
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Frame Outside Walls

Composed of wood studs and boarding can be replaced with tile or

brick at little extra cost, and reduce the future maintenance cost as they

do not require painting and have a much longer life.

A light steel frame covered with expanded metal, plastered both sides,

makes a durable wall and costs less to maintain.

Inside Wall Covering

For lath and plaster work substitute metal lath for wood lath. Metal

lath and plaster may be substituted for wood sheathing. Under certain

conditions some of the better manufactured wall boards may be substituted

but they will not stand severe usage. Asbestos board % inch thick is cheap,

fire-proof, easily applied and makes a good substitute, especially for oil

rooms, heater rooms and similar places.

Inside Partitions

In many instances Hollow tile-Gypsum or concrete block or expanded

metal plastered each side, is more satisfactory and not much more expensive

than studding, lath and plaster.

Doors

Metal covered doors are superior to wood from a fire standpoint

and while the first cost may be higher this is partially offset by reduced

maintenance cost and freedom from swelling and warping.

Windows

Steel sash are now being used extensively in place of wood sash for

railroad buildings. When standard units are used the cost is less than for

good grade wood sash, the cost of maintenance being the same.

Toilet Room Stalls and Doors

As a substitute for wood, steel units can be purchased. These are

now made up in stock sizes of heavy sheet metal, coated with baked enamel,

in a variety of colors. They are, in some localities, less expensive than

a good grade of wood partition and doors, are more sanitary and are very

satisfactory.

Ceilings

Substitute metal in place of wood lath. Sheet metal ceilings in stamped

designs are often used. Manufactured wall boards or asbestos board can

be used the same as for partitions.

Roof Covering

Wood shingles are objectionable on account of danger from fires and

are forbidden in most cities.

There are many roll roofings which can be used to advantage on

sheds and other structures. They are rather short lived, require frequent

painting and repair, but cost less than wood shingles.

Composition shingles of felt and asphalt, some with slate surface, cost

less than wood shingles in some localities.



684 Buildings

Asbestos rigid shingles are very durable, are fire-proof, and in many
localities where freight is not excessive, can be put on for less money than

wood, and cost of maintenance is very low.

Corrugated asbestos and asbestos protected metal make a very satis-

factory roofing for cover sheds, freight sheds or buildings which are not

heated, replacing both the boarding and shingles.

Platforms

The cost of good grade hard pine plank is becoming prohibitive in

some sections of the country, and the cheaper grades are not durable ; as a

substitute the following are suggested to reduce the cost of maintenance

:

(1) For more important stations and where there is considerable

trucking.

Concrete slab, either pre-cast or cast in place.

(2) For less important stations and for outlying platforms:

Sheet asphalt over gravel or cinder base. To include Kentucky

rock, Uvalda and other similar asphalts.

Coal tar concrete consisting of tarred stones rolled hard and coated

with a surface oi tar and sand.

Crushed stone coated with bituminous binder and rolled level.

Brick laid on sand cushion in locations where frost conditions are

not too severe.

(3) For unimportant stations and platforms:

Crushed stone, gravel or cinders coated with road oil, and rolled

into place, answer all purposes and future maintenance is greatly

reduced.

Sheet Metal Buildings

Buildings of steel frame construction covered with sheet steel cost

about the same as a good frame structure, but they are of short life and

even when properly painted last only a comparatively few years.

Sheet Zinc, Corrugated Asbestos or Asbestos protected metal eliminate

the necessity of painting but increase the cost of construction.

Small Roadway Buildings

For Yar(J Buildings and small stations a fairly economical substitute

for wood construction, and one which can be maintained at a minimum

expenditure, is as follows

:

Foundation—Concrete.

Walls up to window sills—8 inch concrete wall or brick.

Walls above window sills—Hollow tile or common brick.

Floor—Concrete on cinder fill.

Roof—Asbestos shingles.

Inside walls—Either painted directly on the brick or plastered.

Ceiling—One of the better grade of wall board, or asbestos board.

Partitions—Hollow tile, Gypsum block or Expanded metal plastered.
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Appendix G

(11) SPECIAL COMMITTEES ON SPECIFICATIONS-
STRUCTURAL STEEL AND IRON, SLATE ROOFING

AND SHEET METAL WORK

SPECIFICATIONS FOR RAILWAY BUILDINGS

SFXTION 10 C

Slate Roofing

1. General

The Contractor shall furnish all labor, tools, material, equipment and

everything necessary to entirely complete the slate roofing shown on the

drawings together with all slate covering on sides of dormers and other

vertical surfaces where so indicated.

2. Materials

(a) Slate: The slate shall be No
They shall be inches by inches in size, inches tliick

and in color.

All slate shall be hard, dense, sound rock, machine punched for two

nails each, for nailing above top edge of second course below.

Exposed corners shall be practically full. No broken corners on cov-

ered ends, which sacrifice nailing streiogth or the laying of a watertight

roof will be allowed. No broken or cracked slates shall be used. Samples

of slate shall be submitted for approval before ordering and all slate shall

conform with the approved samples.

(b) Roofing Felt : The felt to be used with slate roofs shall be

asphalt saturated rag felt, w-eighing not less than 14 pounds per 100 square

feet. It shall be sufficiently pliable to meet the requirements of application,

and samples taken five feet from the outside ends of the rolls, shall bend

flat without cracking through 180 degrees at a temperature of 60 degrees.

(c) Nails : All nails shall be large headed solid copper or yellow

metal slaters' nails, 1]/^ inch for slates 18 inches or less in lengtli and 1^
inches for slates longer than 18 inches.

3. Application

The roof deck shall be clean, smooth, thoroughly dry and free from

projections which would injure the roof covering. The roofing felt shall

be laid smoothly, without wrinkles or buckles, and finished surfaces shall

be free from cracks and bubbles.

Before applying the roofing felt, all loose knots and other flaws shall

be removed and knot-holes and large cracks shall be covered with tin or

other sheet metal, nailed in place.

The roofing felt shall first be applied to the roof sheathing, starting at

the eaves. All joints shall be lapped two (2) inches, and the felt shall

be securely tacked to the sheathing.
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The slate shall be laid in horizontal courses, with 3-inch head lap over

the second course below and each course shall break joints with the preced-

ing one. Each slate shall be fastened with two nails, driven so that the

next course will not ride the nail heads. Slates at eaves or cornice line

shall be doubled and canted ^ inch by a wooden cant strip.

Hips shall have a concealed sheet metal flashing laid with each slate.

Slate at valleys and hips shall be laid in elastic cement of the same color

as the slate.

Slate over-lapping sheet metal shall have the nails so placed as to avoid

puncturing the sheet metal.

All valleys, roof edges and hips shall be carefully fitted and lined-

Slate shall be carefully fitted to all wall flashings and at ridges to receive

ridge roll or cresting. Small pieces of slate at valleys and hips will not

be allowed. Slate should project one inch over edge at gable ends or eaves

where gutter is omitted.

Under eaves and top' courses shall be of same width and with grain of

slate vertical. No stretchers or slate with grain running horizontal will

be permitted.

Slate shall be neatly fitted around all pipes, ventilators, etc. Hips,

ridges and valleys shall be built as called for on the drawings.

Build in and place all flashing pieces furnished by the Sheet Metal

Contractor and co-operate with him in doing the work of flashing.

On completion, all slate must be sound, whole and clean, and the roo'f

shall be watertight.

4. Sheet Metal Work
Flashings and other sheet metal work in connection with slate roofing

shall be furnished and installed in accordance with the Specifications for

"Sheet Metal Work," as shown in Section 11 of this Specification.

5. Guarantee

Upon completion of the work the Contractor shall furnish a written

guarantee covering the maintenance of the slate roofing in a watertight

condition for a period of one year from date of acceptance, replacing or

repairing any broken slates or leaks, promptly as notified, until the end

of the guarantee period.

6. General Conditions

All materials entering into the work, and all methods used by the Con-

tractor, shall be subject to the approval of the Engineer, and no part of

the work will be considered as finally accepted until all of the work is

completed and accepted.

The general conditions as given in Section 1 of this Specification shall

be considered to apply with equal force to this Section of the Specification.
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SPECIFICATIONS FOR RAILWAY BUILDINGS

SECTION 11

Sheet Metal Work
1. General

Under this heading shall be included all sheet metal gutters, cornices,

rain conductors, flashings, valleys, eave strips and gravel stops, ridge rolls

and hip capping, roof pans, conductor outlets and heads, skylights, venti-

lators and all other sheet metal work shown on the drawings or necessary

to complete the building.

2. Materials

Sheet metal work shall be copper, galvanized iron, lead or rolled zinc

as shown on the drawings, or as specifically called for in the contract.

Copper: Copper sheets shall be rolled from copper conforming to the

specifications of the A.S.T.M. and marked with the weight and manu-

facturers' name. Copper flashings, valleys, eave strips and roof pans shall

be 16 ounce soft rolled copper.

Copper rain conductors, eave troughs, moulded and hanging gutters

and conductor heads shall be 16 ounce cold drawn, or hard copper.

Copper cornices shall be 20 ounce cold rolled or hard copper.

Galvanized Iron : Galvanized iron shall be 24 gauge, of one of the

following brands , , or

Lead : Lead used for sheet metal work shall be 6 pound rolled sheet

lead.

Zinc: Zinc used for sheet metal work shall be 11 gauge rolled zinc

of one of the following brands : , , or

Solder: Solder shall be composed of one-half pig lead and one-half

block tin (new metals) and shall conform to the specifications of the

A.S.T.M., B-32.

3. Workmanship

Workmanship shall be first class in every respect and when complete

all work shall be watertight.

4. Flashings

Flashing shall be provided at the intersection of the roof surface with

all vertical surfaces, and around all openings. Unless otherwise shown,

flashings shall consist of a base and counter, or cap flashing.

Where the design is such that the base and counter flashing method

is impracticable, flashings shall be made continuous from the roof surface

up and into the vertical surface.

Base Flashings: In general, base flashings shall be 6 inches high

and shall project 6 inches out on the roof.

Flashings shall be cut from as long sheets as possible so as to reduce

the joints to a minimum. On sloping roofs the flashing sheets shall lap

longitudinally, at least 3 inches.

On flat roofs the joints shall be flat locked and soldered.
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Counter Flashings : Counter flashings shall turn down over base

flashings not less than 4 inches and shall be secured to the vertical surfaces.

Against wood surfaces the counter flashing shall extend up under the ex-

terior covering such as shingles, slate, weather-boards, etc., at least 2 inches

above the butt of the second course, but in no case less than 4 inches above

the roo'f and shall be nailed along the top edge about every 8 inches.

At masonry walls the counter flashing shall extend 4 inches into the

joints of the masonry. The sheets' shall be bent to the required shapes

and built in with the mason work. At concrete walls the counter-flashing

shall be set in the forms before the concrete is poured.

Step Flashing : Where sloping roofs intersect vertical surfaces the

counter flashings shall be stepped up tO' follow the slope of the rooi, with

vertical lap joints. Longitudinal laps at joints shall be not less than 3

inches.

Flashings for Pipes : All pipes passing through roofs shall be

flashed and counter flashed with base flashing extending not less than 6

inches out on roofs. Base flashings shall be of sufficient length to cover

the roofing course next below the pipe, and to extend up under the roofing

course above as far as possible without puncture by nails.

Where pipes extend more than 12 inches above the roof, the counter

flashing shall be caulked into the hubs or held with clamps embedded in

elastic cement, and shall lap the base flashing not less than 4 inches.

Where pipes extend not more than 12 inches above the roof surface,

the base flashing shall be carried up to within 1 inch of the top of the

pipe, and counter flashed with a cap extending 4 inches over the base flash-

ing and turned over and down intO' the pipe at least 2 inches. For small

threaded pipe, the counter flashing shall consist of a threaded cap of such

design as to enclose the base flashing.

Valley Flashings : Open valleys shall be not less than 4 inches wide

at the top and shall increase 1 inch in width for each 8 feet in length.

Flashing pieces shall be in long lengths and shall be of sufficient width to

cover the open portion of the valley and extend up' under the roof covering

not less than 6 inches on. each side. The cross seams shall be locked and

soldered. Edges of valley sheets shall be turned back ^ inch and held

in place by cleats spaced not more than 12 inches apart and nailed to the

sheathing.

Special valleys in connection with saw tooth roofs shall be formed

in accordance with the detail drawings.

Saddle Flashing : Crickets or saddles formed back of chimneys and

similar vertical surfaces, shall be covered with sheet metal which shall be

made a part of the flashing.

Special Flashings : Special flashings shall be provided around all

guy anchors, flag poles, supports for signs, etc., in accordance with the

detail drawings.

5. Gutters

Eave troughs or hanging gutters of the size and type shown shall be

provided where called for on the drawings. They shall be in long

lengths, joined by 1 inch lapped and soldered joints, properly sloped to
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outlets and provided with necessary slip joints to take care of expansion

and contraction.

Eave troughs shall be supported on approved hangers, spaced suf-

ficiently close together to prevent distortion, and shall be provided with

end pieces, end caps, outlets and mitres as required.

Molded gutters of the size and designs shown shall be: installed where

shown on the drawings. They shall have a flange which shall extend up

under the roofing at least 6 inches and shall be held in place by cleats,

spaced not more than 24 inches apart.

The outer edge of the gutter shall be stiffened by a metal bar and

provided with a drip. The gutter shall be tied back against the roof by

hea\y metal braces spaced sufficiently close together to prevent distortion.

Joints shall be lapped 1 inch and secured with rivets and soldered.

Molded gutters shall be provided with outlet tubes soldered tO' the gutter

and shall have necessary slip joints tO' provide for expansion.

Where indicated on the drawings, all box or built-in gutters shall be

lined with sheet metal in accordance with the details.

Gutter linings shall fit loosely and the back edge shall extend up under

the roofing at least 6 inches. Joints in gutter linings shall be double locked

and soldered. The lining shall be secured to the gutter box by cleats.

Outlets in box gutters shall be provided by turning the gutter lining down
into the outlet tubes and securing it to the tube by soldered lap seams.

All outlets in gutters shall be provided with an approved heavy wire

strainer.

Note.—Special precautions shall be taken to support zinc gutters by

brackets at close intervals to guard against collapse or distortion.

6. Eave Strips and Gravel Stops

Gravel stops and eave strips shall be provided at the edges of all

built-up roofs. They shall be formed of one piece of sheet metal, wide

enough to extend back 3 inches on the roofing and down to completely

cover edges of the sheathing and form a drip. For use on roofs covered

with gravel or slag, they shall be provided with a raised bead along the

outer edge, the full height of gravel coating. They shall be nailed on

top of the roofing felts, cml>edded in pitch and covered with a layer of

felt mopped with pitch.

7. Cornices

Cornices shall be erected where called for on the drawings. They

shall be made in strict accordance with the profiles shown, with moldings

true, sharp and straight, mitres and joints carefully fitted, angles and

corners reinforced, and all joints neatly riveted and soldered together and

made watertight. Detail drawings of comice work shall be submitted

for approval before starting work.

Cornices shall be securely and rigidly attached to the building.

8. Rain Conductors, or Leaders

Rain conductors of the shapes and sizes indicated shall be provided

where shown on the drawings. They shall be held in position clear of the
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walls by % in. by V/i in. metal straps, spaced about 6 feet apart and

soldered to the conductors. The straps shall be fastened to the walls of

the building by screws or expansion bolts. Rain conductors shall be in

10 foot lengths with joints lapped and soldered. Rain conductors which

connect with underground drains shall terminate in a cast iron boot set by

the plumber, with the joint neatly cemented.

Where rain conductors discharge onto the ground they shall terminate

either in a cast iron boot, or a sheet metal elbow, as shown on the

drawings.

9. Rain Conductor Heads

Conductor heads of the design shown shall be installed where indi-

cated on the drawings. Bottoms of heads shall be soldered to the con-

ductors. Each head shall be equipped with a heavy removable wire screen.

Where sheet metal heads are used in connection with built-up roofing,

these shall be not less than 16 inches square with outlet and tube. to fit

in the rain conductors and with a raised bead arotmd the outlet to act as

a gravel stop. Heads of this type shall have the flange or collar built

in with the roofing.

10. Ridge Rolls and Hip Capping

Where shown on the plans in connection with slate and shingle roofs,

provide sheet metal ridge rolls and hip capping in accordance with the

details.

The aprons shall be held down by screws set through washers. The

heads of screws and washers shall be soldered.

11. Ventilators

Ventilators of the size and type shown shall be installed in the locations

shown on the drawings, and properly flashed in with the roofing. The

flashing sheet shall extend out over the roofing 6 inches on all sides and

shall be connected to the base of the ventilator by a soldered lap seam.

12. Skylights

Where shown on the drawings, build skylights of the size indicated

and of approv>ed design and manufacture, with curbs at least 10 inches above

the roof. All sheet metal shall be reinforced for strength and stiffness

with steel sections.

Sash bars and bearings for glass shall have condensation gutters lead-

ing tO' the outside of the skylight, with cross gutters under butt joints in

glass. Skylights shall be made water and weather tight with joints inter-

locked, riveted and soldered and shall be flashed and counterflashed at curbs.

Skylights shall be designed to safely support a live load of 50 pounds

per square foot in addition tO' the dead load without deflection. Detail

drawings for skylights shall be submitted for approval before the work

is started.

For glazing of skylights see Section 16, paragraph 24, of this specifica-

tion (Painting and Glazing).
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13. Application of General Conditions

All materials entering into the work -and all methods used by the

Contractor shall be subject to tlie approval of the Engineer and no part of

the work will be considered as finally accepted until all the work is com-

pleted and accepted.

The "General Conditions" as given in Section 1 of this Specification

shall be considered to apply with equal force to this section of the

Specification.

Appendix G

SPECIFICATIONS FOR RAILWAY BUILDINGS

SECTION 12

Structural Steel and Iron

GENERAL DESIGN
1. General

The contractor shall furnish all labor, material, tools and equipment

necessary to entirely complete the structural steel and iron work as herein

specified and as called for on the drawings.

2. Design

The design of steel or iron work required will be indicated on the

drawings furnished by the Company, and such details as are not shown on

these drawings shall be detailed on the shop drawings.

In case the contractor is required specifically to design the structiu-al

steel or iron work, he shall submit complete stress diagrams with statement

of loads used in design, and the design shall be in accordance with these

specifications, and established clearances.

3. Dimensions for Calculations of Stresses

The dimensions for calculation of stresses shall be as follows

:

(a) Span Length
For trusses, girders and beams, the distance center to center of end

bearings or from center to center of columns or supporting beams.

(b) Depth
For riveted trusses, distance between centers of gravity of chord sec-

tions.

For pin-connected trusses, distance center to cent9r of chord pins.

4. Spacing of Members

Roof trusses, rafters, etc., preferably shall be so spaced that single

shapes may be used as purlins. Structures shall be so designed as to avoid,

as far as practicable, ambiguity in the determination of the stresses.
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5. Loads

All structures shall be prcportioned for the following loads

:

(a) Dead load

(b) Live or superimposed load

(c) Lateral forces and longitudinal forces from moving loads

(d) Impact or dynamic effect of moving loads.

The dead load shall consist of the estimated weight of all partitions,

permanent fixtures, mechanisms and permanent portions of the structure.

The live or superimposed load, lateral and longitudinal forces and

impact will be specified by the Engineer for each case. (See appendix for

typical loading.)

The effect of any vibration or movement of machinery or equipment

shall be specified for each case by the Engineer. (See appendix for typical

loading.)

• Where uniform live loads per square foot are used for the roof and

floors of a building, the roof slabs, joists, beams, girders and columns

supporting same and all floor slabs, joists and beams shall be designed

for full dead and full live loads. All floor girders shall be designed for

full dead and 85% of live loads. All columns, walls and piers supporting

floors shall be designed for full dead load and the percentage of the live

load given in the following table:

Number of Floors in Building

Floor
A^o. 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

15 85
14 80 85
13 75 80 85
12 70 75 80 85
11 65 70 75 80 85
10 60 65 70 75 80 85
9 55 60 65 70 75 80 85
8 50 55 60 65 70 75 80 85
7 50 50 55 60 65 70 75 80 85
6 50 50 50 55 60 65 70 75 80 85
5 50 50 50 50 55 60 65 70 75 80 85
4 50 50 50 50 50 55 60 65 70 75 80 85
3 50 50 50 50 50 50 55 60 65 70 75 80 85
2 50 '50 50 50 50 50 50 55 60 65 70 75 80 85
1 50 50 50 50 50 50 50 50 55 60 65 70 75 80 85

The percentage of live load on walls, piers and columns oi buildings

more than fifteen stories in height shall be taken in the same ratio as the

above table.

The loads of special equipment, such as trucks, engines, cranes, ma-
chinery or other appliances, shall be included.

6. Unit Stresses

The several ports of structures shall be so' proportioned that the unit

stresses will not exceed the following, except as modified in cases of com-
bined and secondary stresses as set forth hereinafter.
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Pounds Per
Structural Steel: Square Inch

Axial tension, net section 18,000
Axial compression, gross section 18,000-60 l/r

but not to exceed 15,000
/—the length of the member in inches
r—the least radius of gyration of the member in

inches.

Tension in extreme fibers of rolled shapes, built sec-

tions and girders, net section 18,000
Tension in extreme fibers of pins 27,000
Shear in plate girder webs, gross section 12,000
Shear in power driven rivets and pins and turned bolts

in reamed holes 13,500
Shear in hand driven rivets and unfinished bolts 10,000

Bearing of outstanding legs of stiffener angles and
similar steel parts in contact 27,000

Bearing on power driven rivets, pins, turned bolts in

reamed holes,

(single shear) 24,000

(double shear) 30,000
Bearing on hand driven rivets, countersunk rivets and

unfinished bolts,

(single shear) 16,000

(double shear) 20,000

Bearing on expansion rollers, per linear inch 6Q0d
d—the diameter of the rollers in inches.

For cast steel in shoes and bearings, the above
mentioned stresses shall apply.

Note.—Rivets driven by pneumatically or elec-

trically operated hammers arc considered power driven.

Cast Iron:

Axial tension, net section 3,000
Axial compression, gross section 12,000

Tension, extreme fiber in bending, net section 5,000

Compression, extreme fiber in bending, gross section. .12,000

Shear 3,000

Axial compression, columns, gross section 12,000-60 I/r

with a maximum of 10,000
/—the length of the members in inches.
;•—the least radius of gyration of the member in

inches.

Bearing on Masonry:

Briclavork 200
Rubble masonry 100

Granite ashlar 600
Sandstone or limestone (ashlar or capstone) 400
Concrete 500

The above unit stresses are based on masonry which shall comply with

the standard specifications as set forth in other sections of these specifica-

tions for railway buildings.
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PROPORTIONING OF PARTS

7. Slenderness Ratios:

The ratio of length tO' least radius of gyration shall not exceed

:

120 for main compression members of structural steel

100 for cast iron columns

200 for wind and sway bracing of structural steel

300 for riveted tension members

8. Depth Ratios

The depth of rolled beams in floors shall be not less than one twenty-

fourth of the span. Where floors are subject tO' shocks or vibrations, the

depth of beams and girders preferably shall be not less than one-twentieth

of the span, or, if members of less depth are used, the sectional area shall

be increased until the maximum deflection will not be greater than that of

a beam with depth of one-twentieth of the span. The depth of roof purlins

preferably shall be not less than one-twenty-fourth o<f the span, and in no

case less than one-thirtieth O'f the span. Beams and girders supporting

plastered ceilings, shall be so' proportioned that the maximum deflection

will not exceed 1/360 of the span.

9. Effective Bearing Area

The effective bearing area of a pin, bolt or rivet shall be its diameter

multiplied by the thickness of the piece, except that for countersunk rivets

half the depth of the countersink shall be omitted.

10. Effective Dicimeter of Rivets

In proportioning rivets, the nominal diameter of the rivet shall be

used,

11. Net Section

In proportioning tension members, net section shall be used. Rivet

holes deducted shall be taken one-eighth inch larger than the nominal

diameter of rivets. The areas of rods shall be figured at the root of thread,

or the rods upset at ends to provide proper net area.

12. Combined Stresses

Members subject to both axial and bending stresses shall be so' propor-

tioned that the combined fiber stresses will not exceed the allowable unit

stress.

Members subject to stresses produced by a combination of dead load,

live load and impact with lateral or longitudinal forces, may be propor-

tioned for unit stresses 33 1/3 per cent greater than those specified in

Article 6, but the section shall be not less than that required for dead

load, live load and impact
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13. .Secondary Stress

Designing and detailing shall be done so as to avoid secondary stresses

as far as possible. When secondary stresses are unavoidable, the unit

stress specified in Article 6 may be increased one-third for a combination

of the secondary stresses with the other stresses but the section shall be

not less than that required when secondary stresses are not considered.

14. Minimum Sizes

On inside work, metal less than one-quarter of an inch thick shall

not be used except for fillers. On outside work and inside of engine

houses metal less than tV" thick shall not be used except for fillers. Webs
of girders shall be not less than ^" thick. Sole plates or bed plates shall

be not less than ^" thick. Anchor bolts preferably shall be not less than

1 incli in diameter.

15. Corrosion

Metal subject to marked corrosive influence shall be increased in thick-

ness or protected against such influence.

16. Expansion

No provision for expansion in structures transversely shall be made

in wall bearing spans fifty feet (50'0") and under in length. Wall bear-

ing spans over fifty feet (50'0") and up to and including one hundred feet

(lOO'O") in length shall slide on smooth surfaces at one end. Wall bear-

ing spans over one hundred feet (lOO'O") in length shall have expansion

rollers or rockers at one end. Expansion rollers shall be not less than

three inches (3") in diameter. Expansion ends shall be secured against

lateral movement and all fixed ends against movement in any direction.

Provision shall be made for expansion in structures longitudinally.

All expansion provisions shall be figured for 100° F. variation in tempera-

ture and for a co-efficient of expansion of 0.0000065 per degree per unit

of length.

Trusses

17. Design

Trusses preferably shall be riveted structures. If, for special reasons,

pin connected trusses are required, the design and details shall be in accord-

ance with the requirements for design of such trusses specified in the

A.R.E.A. Specifications for Steel Railway Bridges, third Edition 1925,

or current revision thereof, except that the unit stresses of Article 6 and

loads of Article 5 of this specification shall be used.

18. Camber

Trusses shall have sufficient camber so that the lower chord will be

level under dead load only.

19. Compression Members

In built compression members of the open box type, the metal shall be

concentrated in the webs and flanges. The thickness of each web shall

be not less than one-thirtieth of the distances between the lines of rivets
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connecting it tO' the flanges. The thickness of cover plates shall be not less

than one-fortieth of the distance between the nearest rivet lines.

20. Outstanding Legs of Angles

The width of the outstanding legs of angles in compression (except

where reinforced) shall not exceed twelve times the thickness for main
members or fourteen times the thickness for bracing and other secondary

members.

21. Bracing

Lateral, longitudinal and transverse bracing in all structures preferably

shall be composed O'f rolled shapes with, riveted connections, and shall be

designed to withstand wind and other lateral forces when the building is

in process of erection, as well as after completion. Stresses from bracing

preferably shall be carried directly tO' the foundation. Bracing connections

to trusses shall be designed tO' avoid as far as practicable, any bending

stress in the truss members.

Plate Girders and Rolled Beams
22. Design

Plate girders shall be proportioned by the moment of inertia of their

net section, including compression side.

23. Fleinge Sections

The flange angles shall form as large a part of the area of the flange

as practicable. Side plates shall not be used except when flange angles

exceeding one inch in thickness otherwise would be required.

Flange cover plates shall be equal in thickness or diminish from the

flange angles outward. No cover plate shall exceed the flange angles in

thickness. Flange plates shall be limited in width so they will not extend

more than eight times the thickness of thinnest plate, or a maximum of

6 inches beyond the outer line of rivets connecting them tO' the angles.

Where flange cover plates are used they shall extend 18 inches beyond

the theoretical end.

24. Compression Flanges

The gross area of the compression flanges of plate girders shall be

not less than the gross area of the tension flanges. The compression flanges

of all built or rolled beams and girders shall be stayed against lateral

buckling at intervals not exceeding thirty times the width of the flange.

The flange stress shall not exceed 18,000—200 l/b where
/—the length of the member in inches between lateral connections or

knee braces

b—the flange width in inches.

25. Flange Rivets

The flanges of plate girders shall be connected to the web with a

sufficient number oi rivets to transfer tO' the flange sections the horizontal

shear at any point combined with any load that is applied directly on the

flange.
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26. Thickness of Web Plates

1

The thickness of web plates shall be not less than — V D where "D"
20

represents the distance between flanges in inches.

27. Stiffeners

Plate girders shall have stiffener angles over bearings, the outstand-

ing legs of which shall extend as nearly as practicable to the outer edge

of the flange angles. These stiffeners shall be proportioned for bearing of

the outstanding legs on the flange angles, and shall be connected to the

web by enough rivets to transmit the reaction. End stiffeners shall not

be crimped.

28. Intermediate Stiffeners

Intermediate stiffeners shall be riveted in pairs to the webs of plate

girders in which the thickness of the web is less than 1/60 of the distance

between the flange angles or side plates. The outstanding leg of each angle

shall not be more than sixteen times the thickness, nor less than 2 inches

plus one-thirtieth of the depth of the girder. Pairs of stiffeners shall be

placed at inter\^ls not greater than the depth of the w-eb, or 6 feet.

Stiffener angles shall be placed at points of concentrated loading.

Such angles shall not be crimped.

Columns
29. Design

G>lumns shall be designed to provide for effective connection of beams,

girders and brackets. Steel columns shall be designed preferably in two

story lengths. Cast iron columns shall not be used in buildings of a height

greater than twice the width, or over 100 feet high.

30. Eccentric Loading

In proportioning columns, provision shall be made for eccentric loading.

DETAILS OF DESIGN

31. Parts Accessible

Details shall be so designed that all parts will be accessible for inspec-

tion, cleaning and painting. Closed sections shall be avoided wherever

possible.

32. Pockets

Pockets or depressions which would hold water shall be avoided.

33. Adjustable Members

Adjustable members in any part of the structure shall be avoided

wherever possible. When used, adjustable members shall have open turn-

buckles or clevises.

34. Symmetrical Sections

Sections shall be made symmetrical wherever practicable. Single angles

shall have outstanding leg connected by clips or only the flat leg shall be

considered to take stress.
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35. Eccentric Connections

Eccentric connections shall be generally avoided, but if unavoidable,

the members shall be so proportioned that the combined fiber stress will

not exceed the allowed axial stress.

36. Spacing of Rivets

The minimum distance between centers of rivet holes shall be three

diameters of the rivet, but the distance preferably shall be not less than

3J/2 inches for 1 inch rivets, 3 inches for % inch rivets, 2j/2 inches for

^ inch rivets, 2 inches for 5^ inch rivets and 1^ inches for J/2 inch rivets.

The maximum pitch in the line oi stress for compression members com-

posed of plates and shapes shall not exceed sixteen times the thickness of

the thinnest outside plate, or twenty times the thickness of the thinnest

enclosed plate with a maximum of 12 inches. For angles with two gage

lines with rivets staggered, the maximum pitch in each gage line shall not

exceed twenty- four times the thickness of the thinnest plate with a maxi-

mum of 18 inches. If two or more web plates are used in contact, stitch

rivets shall be provided tO' make them act in unison. In compression mem-
bers the stitch rivets shall be spaced not more than sixteen times the thick-

ness of the thinnest plate in the line of stress, and not more than thirty

times the thickness of the thinnest plate in the direction at right angles to

the line of stress. In tension members, the stitch rivets shall be spaced

not more than twenty-four times the thickness of the thinnest plate in

either direction. In tension members, composed oi two angles in contact,

a pitch of thirty-six (36") inches may be used, and in similar compression

members twenty (20") inches, but the l/r ratio for each angle between

rivets shall be not more than three-fourths of that for the member as a

whole.

The pitch of rivets at the ends of built compression members shall

not exceed four diameters of the rivet for a distance equal to one and

one-half times the maximum width of the member.

37. Long Rivets

Rivets which carry calculated stress and whose grip exceeds four and

one-half diameters, shall be increased in number one per cent for each addi-

tional tV inch grip. If the grip exceeds six times the diameter of the

rivet, specially designed rivets shall be used.

38. Edge Distance

The minimum distance from the center of any rivet hole to a rolled

or sheared edge shall be

:

Size of Rivet
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39. Connections

Connections shall be made as nearly as practicable, symmetrical about

the axis of the members. Wherever possible beams shall frame into girders

and girders into colunms and be connected to them with connection angles.

Connections carrying calculated stress, except for lacing, shall have

not less than two rivets, or for field connections not less than three rivets.

Connections of main members carrying live loads producing impact, and

connections of members subject to alternate stresses shall be riveted. Turned

bolts may be used in other connections where it is impracticable to obtain

satisfactory power driven rivets. The turned body of the bolt shall be

long enough to insure full bearing. A washer at least J4 inch thick shall

be used under the nuts to give full grip when turned tight. When per-

mitted by the Engineer, unfinished bolts may be used for the connections

of minor parts.

40. Lacing and Stay Plates

The open sides of compression members shall be provided with lacing

bars proportioned to resist a shearing stress of 2^^ per cent of the direct

stress. They shall have stay plates as near each end as practicable and at

intermediate points where the lacing is interrupted. In main members the

length of the end stay plates shall be not less than one and one-fourth times

the distance between the lines of rivets connecting them to the outer flanges,

and the length of intermediate stay plates shall be not less than three-

quarters of that distance. Their thickness shall be not less than one-fiftieth

of the same distance.

The minimum thickness, of lacing bars shall be for single lacing one-

fortieth and for double lacing, riveted at intersections, one-fiftieth of the

distance between the end rivets. Their minimum width shall be as follows

:

For IS inch channels or built sections with
3y2 and 4 inch angles 2j4 inches (%" rivets)

For 12, 10 and 8 inch channels or built sections

with 3 inch angles 2J4 inches (^4" rivets)

For 8 and 7 inch channels or built sections

with 2y^ inch angles 2 inches (5^" rivets)

For 6 and 5 inch channels or built sections

with 2 inch angles 1^4 inches (J^" rivets)

The angle of lacing bars with the axis of tlie member shall be not less

than 45°. If the distance between rivet lines in the flanges is more than

15 inches, the lacing shall be double and riveted at the intersections, or

shall be made of angles. Lacing bars of compression members shall be so

spaced that the l/r ratio of the portion of the flange between their con-

nections shall be not greater than three-quarters of the l/r of the member
as a whole.

41. Splices

Abutting joints in compression members faced for bearing shall be

spliced sufficiently to hold the connecting members accurately in place.

Other joints in riveted work, whether in tension or compression, shall be

fully spliced.
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42. Web Splices

Web plates of plate girders shall be spliced symmetrically by plates on

each side. The splice plates (for shear) shall be of the full depth of the

girders between flanges. The splice shall be equal to the web in strength

in both shear and moment. There shall be not less than two rows of

rivets on each side of the joint.

43. Flange Splices

Two members of the same flange shall not be spliced at the same cross

section and if practicable, splices shall be located at points where there is

an excess of section. The net section of the splice shall exceed by ten per

cent the net section of the member spliced. Flange angle splices shall con-

sist of two angles, one on each side.

44. Fillers

Where rivets carrying stress pass through fillers, the filler shall be

extended beyond the connected member and the extension secured by addi-

tional rivets sufficient to develop the filler.

45. Separators

Where twO' or more rolled beams are used tO' form a girder they shall

be connected by bolts and separators at intervals of not more than 5 ft.

All beams having a depth of 12 inches or more shall have at least two bolts

to each separator. When concentrated loads are carried from one beam

to the other, or distributed between the beams, rolled or built-up diaphragms

shall be used, designed with sufficient stiffness to distribute the load. Where
beams are exposed they shall be filled with concrete or spaced sufficiently

far apart to permit cleaning and painting.

46. Column Bases

Column bases shall be designed to distribute the column load on the

footings.

47. Fixed Bearings

Bearings and ends of girders and trusses shall be secured against lateral

movement. ,

MATERIALS
48. Specifications

Structural steel is tO' be- in accordance with specifications of the Amer-

ican Society for Testing Materials, Specification A-9-21 or subsequent re-

visions thereof, which is the specification for structural steel in building,

with the exception that Article 1 shall read as follows

:

"Structural steel shall be made by the open-hearth process."

In Article 2—the reference to Bessemer steel shall be omitted.

Cast steel is to be in accordance with specifications oi the American

Society for Testing Materials, Specification A-7-24, Class B, or subsequent

revisions thereof.

Cast iron is to be in accordance with specifications of the American

Society for Testing Materials, Specification A-48-18, or subsequent revisions

thereof.
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WORKMANSHIP
49. General

The workmanship and finish shall be equal to the best general practice

in modern structural shops. Material at the sliops shall be kept clean and

protected from the weather as far as practicable.

50. Straightening Material

Rolled material, before being laid off or worked, must be straight. If

straightening or flattening is necessary, it shall be done by methods that

will not injure the material. Sharp kinks and bends may be cause for

rejection.

51. Finish

Shearing and chipping shall be neatly and accurately done and all por-

tions of the work exposed to view shall be neatly finished. Outside burrs

shall be removed with a tool making a iV inch fillet.

52. Punching

Holes in material whose thickness is not greater than the diameter of

the rivets plus % inch, may be punched full size. Holes in material of

greater thickness shall be drilled or sub-punched and reamed.

53. Punched Holes

Punched holes shall be ^ inch larger than the nominal diameter of

the rivets. The diameter of the die shall not exceed the diameter of the

punch by more than s'z inch. If any holes must be enlarged to admit the

rivets, they shall be reamed. Holes must be clean cut, without torn or

ragged edges. Poor matching of holes may be cause for rejection.

54. Sub-Punched and Reamed Holes

In sub-punched and reamed work tlie holes for rivets % inch in diam-

eter or larger shall be punched A inch smaller and, after assembling,

reamed ^a inch larger than the nominal diameter of the rivet. When rivets

are ^ inch or less in diameter, the holes shall be punched % inch smaller

and, after assembling, reamed ie inch larger than the nominal diameter of

the rivet. The diameter of the die shall be not more than s\ inch larger

than the diameter of the punch.

55. Reamed Holes

Reamed holes shall be cylindrical, perpendicular to the member, and

not more than ^ inch larger than the nominal diameter of the rivets.

Reamers preferably shall not be directed by hand.

56. Drilled Holes

Drilled holes shall be -h inch larger than the nominal size of the

rivet. Burrs on the outside surfaces shall be removed.

57. Shop Assembling

The parts of riveted rncmbcrs shall be well pinned and thoroughly

drav^Ti together with bolts before riveting is commenced. The drifting
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done during assembling shall be only such as to bring the parts into posi-

tion. Drifting to enlarge unfair holes will not be allowed.

58. Match Marking

Connecting parts assembled in the shop for the purpose of reaming

or drilling holes in field connections shall be match marked, and a diagram

showing such marks shall be furnished the Engineer.

59. Rivets

The size of rivets called for on the plans shall be the size of the rivet

before heating.

Rivet heads shall be of approved shape and of uniform size for the

same diameter of rivet. Rivet heads shall be full, neatly made, concentric

with the rivet shanks, and in full contact with the surface of the member.

60. Riveting

Rivets shall be heated uniformly to a light cherry red and driven

while hot. Rivets when heated and ready for driving shall be free from

slag, scale and carbon deposit. When driven they shall completely fill

the holes. Loose, burned or otherwise defective rivets shall be replaced.

In removing rivets, care shall be taken not to injure the adjacent metal,

and if necessary, they shall be drilled out. Caulking or recupping will not

be permitted.

Rivets shall be driven by direct acting riveters where practicable.

The riveters shall retain the pressure after the upsetting is completed.

61. Field Rivets

Field rivets shall be furnished in excess of the nominal number re-

quired to the amount of fifteen per cent, plus ten rivets, for each size

and length.

Field rivets shall be carefully selected and shall be free from fins

or shoulders on the underside of the head.

62. Turned Bolts

Where turned bolts are used to transmit shear, the holes shall be

reamed parallel and the bolts shall make a tight fit with the threads

entirely outside of the holes. A washer not less than J4 ^^ch thick shall

be used under each nut.

63. Screw Threads

Screw threads shall make close fits in the nuts and shall be U. S.

Standard.

64. Lacing Bars

The ends of lacing bars shall be neatly rounded miless otherwise called

for.

65. Web Plates

The edges of web plates of girders which have no cover plates may
be % inch above or below the backs of the top flange angles. Web plates
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of girders which have cover plates may be Yt. inch less in width than the

distance back to back of flange angles, but the web plates shall not extend

beyond the backs of the flange angles, unless otherwise specified by the

Engineer for each case.

When web plates are spliced, not more than y% inch clearance between

ends of plates will be allowed.

66. Abutting Joints

Abutting joints in compression members and girder flanges, and where

so specified on the drawing, in tension members, shall be faced and brought

to an even bearing. Where joints are not faced the opening shall not

exceed y% inch.

67. Finished Members

Finished members shall be true to line and free from twists, bends

and open joints.

68. Welds

Steel shall be welded only with the approval of the Engineer.

69. Bearing Surfaces

The top and bottom surfaces of base and cap plates of columns and

pedestals, except those in contact with masonry, shall be planed or hot-

straightened, and parts of members in contact with them shall be faced to

fit. Connection angles for base plates and cap plates shall be riveted to

compression members before the members are faced.

Sole plates of plate girders shall have full contact with the girder

flanges. Sole plates and masonry plates shall be planed or hot-straightened.

Cast pedestals shall be planed on the surfaces in contact with steel and

shall have the bottom surfaces resting on masonry rough finished.

70. Annealing

Wherever steel castings are used, they shall be properly annealed.

Other steel, which has been partially heated, shall be annealed except where

used in minor parts.

WEIGHING AND SHIPPING

71. Weight Paid For

The payment for pound price contracts shall be based on the scale

weight of the metal in the fabricated structure, including field rivets

shipped. The weight of the field paint and cement, if furnished, boxes

and barrels used for packing and material used for staying or supporting

members on cars, shall not be included.

72. Variation in Weights

If the weight of any member is more than 2 J/2 per cent less than

the computed weight, it may be cause for rejection.

The greatest allowable variation of the total scale weight of any

structure from the weights computed from the approved shop drawings
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shall be 1^ per cent. Any weight in excess of Ij^ per cent above the

computed weight will not be paid for.

73. Computed Weight

The weight of steel shall be assumed at 0.2833-lb. per cubic inch.

The weights of rolled shapes and of plates, up to and including 36

inches in width, shall be computed on the basis of their nominal weights

and dimensions as shown on the approved shop' drawings, deducting for

copes, cuts and open holes.

The weights of plates wider than 36 inches shall be computed on the

basis of their dimensions, as shown on the approved shop drawings, de-

ducting for cuts and open holes. To this shall be added one-half of the

allowed percentages oi overrun in weight given in specifications of the

American Society for Testing Materials.

The weight of heads of shop driven rivets shall be included in the

computed weight.

The weights of castings shall be computed from the dimensions shown

on the approved shop drawings with an addition of 10 per cent for fillets

and overruns.

74. Weights of Members

Finished work shall be weighed in the presence of the Inspector, if

practicable. The Contractor shall furnish satisfactory scales and do the

handling of the material for weighing.

75. Marking and Shipping

Members weighing more than five tons shall have the weight marked

thereon. Bolts and rivets of one length and diameter, and loose nuts or

washers of each size, shall be packed separately. Pins, other small parts,

and small packages of bolts, rivets, washers and nuts shall be shipped in

boxes, crates, kegs or barrels, but the gross weight of any package shall

not exceed 300 pounds. A list and description of the contained material

shall be plainly marked on the outside of each package, box or crate.

Anchor bolts, washers and other anchorage, or grillage materials shall

be shipped in time for them to be built into the masonry.

SHOP PAINTING

76. Shop Cleaning and Painting

Unless otherwise specified, steel work, after it has been accepted by

the Inspector and before leaving the shop, shall be thoroughly cleaned

and given one coat of approved paint, applied in a workmanlike manner

and well worked into joints and open spaces. Cleaning shall be done with

steel brushes, hammers, scrapers and chisels, or by other equally effective

means. Oil, paraffin and grease shall be removed by wiping with benzine

or gasoline. Loose dirt shall be brushed off with a dry bristle brush

before the paint is applied.
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77. Erection Marks

Erection marks shall be painted on painted surfaces.

78. Painting in Damp or Freezing Weather

Painting shall not be done in damp or freezing weather except under

cover, and the steel must be free from moisture or frost when the paint

is applied. Material painted under cover in damp or freezing weather shall

be kept under cover until the paint is dry.

79. Mixing of Paint

Paint shall be thoroughly mixed before applying and the pigments

shall be kept in suspension.

80. Machine Finished Surfaces

Machine finished surfaces of steel, except abutting joints and base

plates, shall be coated with white lead and tallow, applied hot, as sewn

as the surfaces are finished and accepted by the Inspector.

SHOP INSPECTION

81. Facilities for Inspection

Facilities for inspectiou of materials and workmanship in tlie shop

shall be furnished by the contractor tO' the Inspectors, and the Inspectors

shall be allowed free access to the necessary parts of the premises in

order to satisfy them that the material is being furnished and the work
done in accordance with these specifications.

82. Material Orders and Shipping Statements

The contractor shall furnish the Engineer with as many copies of

material orders and shipping statements as the Engineer may direct. The
weights of the individual members shall be shown.

83. Notice of Beginning Work
The contractor shall give ample notice to the Engineer of the begin-

ning of work at the shop, so that inspection may be provided. No work
shall be done before the Engineer has been notified.

84. Inspector's Authority

The inspector shall have the power to reject materials or workman-
ship which do not meet the requirements of these specifications, but in case

of dispute the contractor may api)cal to the luigincer, whose decision shall

be final.

85. Rejections

The acceptance of any material or finished uK-mlxirs by the Inspector

shall not tx; a bar to their subsequent rejection, if found defective.

Rejected material and workmanship shall Ik- replaced [)r<)iui)tly or made

good by the contractor.
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ERECTION
86. General

The contractor shall provide all tools, machinery, equipment and erec-

tion material, including drift pins and fitting up bolts, necessary for the

expeditious handling of the work, and shall erect the structural steel and

iron work complete in every respect as covered by the agreement and in

accordance with the plans and these specifications.

87. Plans

Where the fabricated material is furnished by others, the Company will

furnish complete detail plans for the work, including shop details, erec-

tion diagrams, match marking diagrams, lists of field rivets and bolts, zind

copy of shipping statements.

88. Delivery of Material

The contractor shall receive all materials entering into the finished

structure free of charge at the place designated, loaded or unloaded as

specified in the information given bidders.

89. Handling and Storage of Materials

The contractor shall unload material promptly upon delivery, otherwise

he shall be responsible for demurrage charges. Stored material shall be

piled securely outside away from the tracks and no material shall be placed

closer than 6 feet to the near rail. Material shall be placed on skids,

above the ground. It shall be kept clean and properly drained. Girders

and beams shall be placed upright and when necessary shall be shored.

Long members, such as columns and chords, shall be supported on skids

placed near enough together tO' prevent injury from deflection. The con-

tractor shall check all material turned over tO' hini against shipping lists

and report in writing at once any shortage or injury discovered. He will

be held responsible for the loss of any material while in his care or for

any damage resulting from his work.

90. Masonry

The Company will construct the masonry to correct lines and eleva-

tions and will establish the lines and elevations required by the contractor

for setting the steel.

91. Bearings and Anchorage

Bed plates, bolsters and shoes shall be set level in exact position. They
shall be given full and even bearing by setting them on a layer of Port-

land cement mortar after blocking them accurately in position as directed

by the Engineer.

The contractor shall drill the holes and set the anchor bolts, except

where the bolts are built into the masonry. The bolts shall be set accurately

and fixed with Portland cement grout completely filling the holes.



Buildings 707

92. Methods and Equipment

Before starting work the contractors shall advise the Engineer fully as

to the method he proposes to follow, and the amount and character of

equipment he proposes to use, which shall be subject to the approval of the

Engineer. The approval of the Engineer shall not be considered as re-

lieving the contractor of the responsibility for the safety of his method

or equipment, or from carrying out the work in full accordance with plans

and specifications.

93. Erection

Structural steel and iron work shall be set accurately to the established

lines and le\'els. The frame of steel skeleton buildings shall be carried up

true and plumb. All parts shall be accurately assembled as shown on the

plans and match marks where shovm upon the drawings or materials care-

fully followed. The material shall be carefully handled so that no parts

will be bent, broken or otherwise damaged. Temporary bracing shall be

provided to take care of stresses from erection equipment, piles of material

or other loads carried during erection. As erection progresses, the work
shall be securely bolted up to take care of all dead load, wind and erec-

tion stresses. Not less than one-third of the holes nor less than two

holes at any connection shall be filled with bolts tightly drawn up. Light

drifting will be permitted to draw parts together, but no drifting to match

up unfair holes will be allowed; such holes shall be reamed or drilled.

Bearing surfaces and surfaces to be in permanent contact shall be cleaned

and painted just before the members are assembled. Elevator shafts shall

be plumbed from top to bottom. The structure shall be accurately aligned

and plumbed and splices and field connections drawn together with sufficient

bolts to hold them securely in place before riveting.

94. Riveting

Riveting shall be done preferably with pneumatic riveters and buckers.

Rivets larger than ^ inch in diameter shall not be driven by hand. Rivets

shall be heated uniformly throughout to a light cherry red color, and in

driving shall be upset to completely fill the holes. Heads shall be full and

symmetrical and concentric with the shank, and shall have full bearing all

around. They shall be of the same shape and size as the heads of tlie shop

rivets. Rivets shall be tight and shall grip the connected parts securely

together. No recupping or caulking will be permitted. Rivets shall not be

overheated or burned. In removing rivets, the surrounding metal shall

not be injured. If necessary, rivets shall be drilled out. Cup faced dollies,

fitting the head closely to insure good bearing, shall be used.

Careless tossing of rivets will not be allowed. Rivets shall not be

tossed in any direction that, if missed, they would fall outside of the

working space adjacent to the building upon a public thoroughfare. The
contractor sliall provide suitable shields to protect workmen from falling

rivets.
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95. Bolted Connections

Permanent bolted connections shall be used only where shown on plans

or where approved by the Engineer. In case bolted connections are used,

washers not less than J4 '"ch shall be used under the heads and nuts, the

nuts drawn tight and the threads checked with a chisel or lock nuts used.

Connections tO' cast iron and for separators in steel beams may be bolted.

96. Mis-Fits

Any error in shop work which prevents the proper assembling and fit-

ting up of parts shall immjediately be reported to the Inspector and his

approval of the method of correction obtained.

97. Painting

The heads of field driven rivets shall be given a coat of paint similar

to that used in the shop' as soon as possible after the Inspector has examined

the rivets and found them satisfactory. All parts inaccessible after erec-

tion shall be painted before erection with one coat of field paint.

98. Superintendence and Workmen
During the entire progress of the work the contractor shall have a

competent foreman or superintendent in personal charge of the work. All

work shall be done by skilled, competent workmen.

99. Interference with Traffic

When the work is adjacent to or over the tracks of tlie Company,

the contractor shall conduct his work in such a manner that the track shall

be safe and clear for the passage of trains.

100. General Conditions

All materials entering intO' the work and all methods used by the con-

tractor shall be subject to the approval of the Engineer, and no part of

the work will be considered as finally accepted until all of the work is

completed.

The General Conditions as given in Section 1 of this specification

shall be considered to apply with equal force tO' this section of the

Specification.
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Exhibit A

The following weights of materials, live loads and impacts are given

as information for use in designing:

101. Weights of Materials of Construction

Tlie unit weights of some materials will vary according to locality,

and the weights of some will vary because of a difference in quality. The

following values may be used as averages for ordinary conditions.

Lb.

Book tile, 2 in. thick, per sq. ft 12

Book tile, 3 in. thick, per sq. ft 14

Beam tile (when not included with arch tile) per sq. ft 12

Brick masonry, pressed or paving, per cu. ft 140

Brick masonry, hard common, per cu. ft 120

Brick masonry, hollow, per cu. ft W
Cast iron, bar 1 in. square, 1 ft. long, per linear ft 3.125

Cast iron, per cu. in 26

Cinder concrete, per cu. ft 96

Cinder fill (without sand and cement) per cu. ft 71

Floors, marble, tutti colori, and similar, per sq. ft 12

Floor flat arch (average of set) 8 in. thick per sq. ft 28

Floor flat arch (average of set) 10 in. thick per sq. ft il

Floor flat arch (average of set) 12 in. thick per sq. ft 36

Floor flat arch (average of set) 14 in. thick per sq. ft 40

Floor flat arch (average of set) 16 in. thick per sq. ft 45

Floor segmental arch tile (average of set) 6 in. thick at crown, per

sq. ft 28

Granite, per cu. ft l')0

Gypsum partition blocks, 3 in. thick, per sq. ft 10

Gypsum partition blcKiks, 4 in. thick, per sq. ft 12

Gypsum partition blocks, 5 in. thick, per sq. ft 14

Gypsum partition blocks, 6 in. per sq. ft 16

Marble, per cu. ft 175

Mortar and plaster, per cu. ft 120

Mortar for tile arch floors, per sq. ft 3

Oaks, maple, per ft. board measure 5

Ornamental terra cotta, backed and filled with common brick, per

cu. ft 120

Partition tile, 3 in. thick, per sq. ft 14

Partition tile, 4 in. thick, per sq. ft 15

Partition tile, 6 in. thick, per sq. ft 22
Partition tile, 8 in. thick, per sq. f t 28
Partition tile, 10 in. thick, per sq. ft 2)2

Plaster on brick, concrete, tile or gypsum, per sq. ft 5

Plaster on lath, per sq. ft 7

Roofing, composition, per sq. ft 5

Roofing gravel, per sq. ft 10
Roofing, slate, per sq. ft 10
Roofing tile, per sq. ft 10
Roofing, shingle, per sq. ft 3
Sandstone or limestone rubble, per cu. ft 140
Sandstone or limestone cut faciiig, per cu. ft 150
Sheet metal roofing, cornice, etc., ikt sq. ft 3
Suspended ceiling complete, per sq. ft 10
Steel bar 1 in. square, 1 ft. long, per linear foot 3.4
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Lb.

Steel plate 1 ft. square, 1 in. thick, per sq. ft 40.8

Stone concrete, per cu. ft 144
Windows (glass, frames and sash), per sq. ft 5

White pine, spruce, hemlock, per ft. board measure 3

Yellow pine, fir, per ft. board measure 4

The following items may vary considerably in weight but the values

given may be used for preliminary computations, or when the quantities

are small

:

Concrete stair construction, per sq. ft 150
Iron stair construction, per sq. ft 50
Partition, tile plastered, per sq. ft 25
Same in hotels, per sq. ft. of floor 35
Same in office buildings, per sq. ft. of floor 25
Reinforcement of concrete, per cu. ft 6
Sidewalk lights in concrete, per sq. ft 30
Steel joists, per sq. ft. of floor 6
Steel girders, per sq. ft. of floor 4
Total weight of reinforced concrete, per cu. ft 150

Wood stair construction, per sq. ft 20

102. Live Loads

The following live loads may be followed in all cases except where

they conflict with local building ordinances.

Load in Lb.
Structure per Sq. Ft.

Baggage rooms 150
Carpenter shops 150
Coaling platforms special

Commissaries 300
Cotton loading platforms 200 to 400

Express buildings 150
File rooms 100 to 150 ; 100 lb. for

cases spaced over 4'0"

clear ; balance 150 lb.

Fire escapes 100
Freight houses 300
Freight platforms 300
Garages . . . 100
Hespitals 50
Hotels

:

Guests' rooms 50

Lobbies 100

Halls 100
Assembly rooms 100
Storerooms 150

Ice manufacturing plants 150

Ice crusher houses 150

Ice storage special

Icing platforms 150
Laundries 100
Locker rooms 50
Machine shop 100
Mail rooms 100

Offices and office buildings 50
Paint shop 100
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Load in Lb.
per Sq. Ft.

Passenger platforms 100

Planing mills 150
Power houses 100

Reading rooms 50
Residences 40
Restaurants 50
Roofs 25

Scale houses 50

Scrap docks 300
Sidewalks 100
Signal towers 60
Stables 100
Stairways (all) 100

Station foot bridges 100

Stock pens 100

Stock runways 100

Storehouses

—

Bananas—on racks 50
Cement 450
Cotton 250
Flour 300
Fruits 350
Glass 350
Grain 300
Groceries and canned goods 300
Hay—baled 225
Hay—loose 125

Hardware 300
Oil 250
Paint 250
Railway 300
Salt 300
Soda ash 200
Vegetables 350

Telegraph offices 50
Ticket offices 50
Tool equipment buildings 100
Trainmen's rooms 50
Transfer platforms , 150
Waiting rooms .' 100
Wash rooms 50
Water treating plants 100
Wind pressure 15 and 20
Y. M. C. A. buildings 50

103. Special Loads

In addition to the live load which is assumed to be uniformly dis-

tributed over the floor, provision shall be made for any special loads such

as elevators, machinery, water in tanks, coal in bins, space for storage of

special materials, etc. The weight of water is 62.5 pounds per cubic foot,

or 8 1/3 pounds per gallon; of bituminous coal, 50 pounds per cubic foot;

of anthracite coal, 60 pounds per cubic foot.

The weights of elevators are usually given by the manufacturer for

the particular situation.
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104. Wind Load

Wind shall be assumed as acting horizontally from any direction and

shall be provided for as follows

:

First—For Finished Structures : A pressure of fifteen pounds per

square foot on the sides and ends of the building, and on the vertical

projection of roo'f surfaces.

Second—For Structures in Process of Construction: A pressure of

twenty pounds per square foot on vertical surfaces and the vertical projec-

tion of inclined surfaces of all exposed framework.

105. Snow Load

Snow load shall be specified by the Engineer to suit local conditions.

This load shall be considered a constant load on the horizontal projection

of roofs from flat roof up to roof slope of 45 deg., omitting snow load on

roofs steeper than 45 deg. slope.

106. Lateral Force

The lateral force on crane runways to provide for the effect of crane

trolleys shall be 20 per cent of the rated capacity of the crane. This load

shall be applied at the top^ of rail oi crane runway, one-half the load to-

each side of runway, and considered as acting in either direction normal to

the runway rail.

107. Longitudinal Force

In the design of members supporting tracks for railroad engines for

cars provision shall be made for a longitudinal force of 20 per cent of the

live load, applied 6 feet above the top of rail.

In the design of crane runways provision shall be made for a longi-

tudinal force per rail equal to 10 per cent of the rated capacity of the

crane applied at top of rail on the runway.

108. Impact

Where live loads causing shock or vibrations are carried, the follow-

ing shall be added to- the computed live load stress produced by such loads

to provide for the dynamic effect of impact:

Character of Load Impact Allowance

Street cars, trucks and elevators 2i2i% of live load stress

Traveling cranes 25% of live load stress

Stationary vibrating machines 10% of live load stress

Railroad locomotives or cars 33% of live load stress

Turbines 100% of live load stress
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Exhibit B

CoMPi^vRisoN OF Column Formulae
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Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects

:

(I) Revision of Manual (Appendix A).

(9) Specifications for the Waterproofing and Drainage of Solid-Floor

Railway Bridges (Appendix B).

(II) Instructions for Maintenance Inspection of Superstructures of

Steel Bridges—collaborating with Committee XII—Rules and Organiza-

tion.

(13) Investigation of Bearing Pressures on Large Rollers (Appendix

C).

Action Recommended

I. That the report on the Revision of the Manual (Appendix A) be

received as information.

9. That the report on the Specifications for the Waterproofing and

Drainage of Solid-Floor Railway Bridges (Appendix B) be adopted and

placed in the Manual as recommended practice.

II. At the convention in 1926, the Committee submitted a report on

the Instructions for Maintenance Inspection of Superstructures of Steel

Bridges, the text of which is found on page 93, Vol. 27 of the Proceedings.

The Committee was instructed at that convention to collaborate on this

subject with Committee XII—Rules and Organization. This has been

done. Committee XII is submitting report including therein the Instructions

prepared by Committee XV, modified in form for incorporating in the rules

recommended by that Committee. No action is required.

13. That the report on the Investigation of Bearing Pressures on

Large Rollers (Appendix C) be received as information.

Bulletin 294, February, 1927.
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On Subject No. 2, Specifications for Steel Highway Bridges, con-

siderable progress has been made toward a final report. The Committee

has been in conference with the American Association of State Highway

Officials during the past two years, with a view to eliminating, as far as

possible, the differences between the specifications prepared by that associa-

tion and those by this Committee. The Conference Committee has about

completed the work, and it is expected that a final report can be made on

this subject at the convention next year.

The Committee's report on this subject in 1925 is found on page 92,

Vol. 27 of the Proceedings.

Subject No. 7, Column Tests. The Committee is collaborating with

the Column Committee of the American Society of Civil Engineers, of

which Dean Turneaure is chairman. Under the direction of Dean

Turneaure, experiments are being made on columns loaded eccentrically.

The purpose of these experiments is to determine the longitudinal shearing

effect on columns and the necessary strength of lacing. Final report on

this subject cannot be made at this time.

Subject No. 10, Investigation of Copper-Bearing Steel for Structural

Purposes. To the present time, work has been limited to collecting and

arranging data for study.

Subject No. 13, Investigation of Bearing Pressures on Large Rollers.

In Appendix C, is given a full report made by the Sub-Committee of which

Prof. Wilson is chairman. The investigation has brought out much new

and valuable information on the bearing values of rollers.

No definite progress was made during the year on the other six subjects

of the Committee's Outline of Work given below

:

3. Electric welding of connections in steel structures.

4. The maintenance of bridges, including equipment for that purpose.

5. Investigation and tests of I-beams connected in groups by dia-

phragms and bracing.

6. Tests and study of the behavior of bridge pins.

8. Specifications for steel tanks and their supports for the storage of

water and oil—collaborating with Committee XIII.

12. The use of alloy steel for bridges, with special reference to

economic features.

Recommendations for Future Work

The Committee recommends the re-assignment of the following subjects

in the form given

:

1. Revision of the Manual.

2. Specifications for steel highway bridges.

3. Electric welding of connections in steel structures.

4. Tests and study of the behavior of bridge pins.

5. Column tests.

6. Investigation of copper-bearing steel for structural purposes.

7. Outline of work for the ensuing year.

The following new subject is recommended:

1. The influence of the dead load of bridges on the impact from

moving loads.
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The Committee requested Dean Turneaure to make an abstract of

Technical Paper No. 247 of the Railway Board of the Government of

India, which deals with the impact from moving loads on railway bridges.

This abstract is given in Appendix D of this report. It is submitted as

information for use in the study of the new subject.

Respectfully submitted,

The Committee on Iron and Steel Structures,

B. R. Leffler, Chairman.

Appendix A

(1) REVISION OF MANUAL

O. F. Dalstrom, Chairman, Sub-Committee; A. W. Carpenter, W. R.

Edwards, P. G. Lang, Jr., P. B. Motley, I. L. Simmons.

The Committee makes no recommendations for Revision of the Manual

at this time.

Investigations and tests on a number of subjects are under way, in-

cluding punched and reamed work, bearing values of large rollers, the

behavior of bridge pins, and tests on columns. The work on these subjects

has not progressed far enough to enable the Committee to make any recom-

mendations for revision.
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Appendix B

(9) SPECIFICATIONS FOR THE WATERPROOFING AND
DRAINAGE OF SOLID-FLOOR RAILWAY BRIDGES

G. A. Haggander, Chairman, Sub-Committee; P. S. Baker, M. F. Clements,

W. R. Edwards, C. S. Heritage, R. O. Stewart, G. H. Tinker, F. P.

Turner, H. T. Welty, A. R. Wilson.

(I) GENERAL

1. These specifications apply tO' membrane waterproofing, which is the

only kind recommended for solid-floor railway bridges. The waterproofing

shall consist of a membrane covered by a protection course of brick, con-

crete, or asphalt mastic.

(II) DESIGN OF BRIDGE

2. The bridge shall be so designed that it will be adapted to water-

proofing by the methods and with the materials specified herein. Special

attention shall be given in the design to construction joints, expansion joints,

flashing, and drainage. The number of construction joints shall be a

minimum. Stiffness is an essential feature. Where contraflexure would

injure the waterproofing, special details shall be provided.

3. The application of waterproofing under traffic should be avoided.

4. Surfaces to be waterproofed shall be easily accessible, smooth, and

of simple form. Open spaces, joints, holes, pockets, seams, projections, and

other features that would increase the difficulty of waterproofing, shall be

avoided.

5. Concrete floors shall be of ample thickness, and of nonporous con-

crete. Special attention shall be given to the quantity and distribution of the

reinforcement.

6. Adequate drainage shall be provided by means of grades which

will shed the water by the most direct route. A grade of at least one per

cent is desirable
;
grades from points which are difficult to waterproof or

drain should be steeper. Surfaces of the floor shall slope away from the

joints.

7. Conductor pipes shall be of wrought or cast iron, not less than

four inches in diameter, preferably without bends, easy to install and main-

tain, and protected against clogging or injury. Where low temperatures

occur, it is not. desirable to encase conductor pipes in concrete. Clean-outs

shall be provided if conductor pipes cannot be cleaned otherwise. Gutters

preferably shall be of the open type. They shall be of durable material,

easy to install and maintain.

8. Outlets for the harmless escape of drainage shall be provided.

9. Waterproofing shall extend above the highest probable level of

water or melting snow.
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10. The upper edges of contact between concrete and steel shall be

grooved and filled with elastic cement, or protected by metal flashing.

11. The reinforcement in the concrete protection course shall be placed

in the middle of the layer of concrete.

12. The edges of the waterproofing shall be protected against percola-

tion and capillary action by means of drip beads.

(Ill) TYPES OF WATERPROOFING

13. The waterproofing membrane shall be made up of layers of

bitumen-treated cotton fabric, or felt and cotton fabric, with alternate

moppings of bitumen, either asphalt or coal-tar pitch.

The following types of membrane are recommended

:

Type A. Two layers of asphalt-treated cotton fabric and three

moppings of asphalt.

Type B. Three layers of asphalt-treated cotton fabric and four

moppings of asphalt.

Type C. Two layers of asphalt-treated felt, one middle layer of

asphalt-treated cotton fabric, and four moppings of

asphalt.

Type D. Two layers of pitch-treated felt, one middle layer of

pitch-treated cotton fabric, and four moppings of coal-

tar pitch.

Type E. Four layers of asphalt-treated felt, one middle layer of

asphalt-treated cotton fabric, and six moppings of

asphalt.

Type F. Four laj^ers of pitch-treated felt, one middle layer of

pitch-treated cotton fabric, and six moppings of coal-tar

pitch.

At places requiring greater strength, additional layers of bitumen-

treated cotton fabric shall be applied.

Other types may be used at the discretion of the Engineer, but the

mopped-on material shall be the same as that with which the felt or fabric

is treated.

The first mopping of bitumen shall be placed on the surface to be

waterproofed and shall be followed by alternate layers of fabric or felt

and moppings of bitumen, ending with a mopping of bitumen on top.

(IV) MATERIALS

(1) Asphalt

Asphalt for Mopping and Saturant.

14. Asphalt for mopping and saturant shall be homogeneous and free

from water. It shall be the product obtained by the distillation of crude

asphaltic base petroleum refined by direct heat without the addition of

fluxing or other material during any stage of the process of manufacture.

It shall meet the following requirements:'

'Same as A.S.T.M. Standards, Serial Designation D 144-25, except as follows:
(b) Penetration at 77° Fahr. 25 to 40 instead of 25 to 50.
(d) Loss on heating 0.5 per rent, instead of 1.0 per cent.
(e) Penetration of residue after heatinff, 80 per cent, instead of 00 per cent
(f) Ductility 20 cm. instead of IS cm.
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(a) Softening point (ring and ball method) 150" to 170" Fahr.
(65.5° to 76.7° C)

(b) Penetration

:

at 115° Fahr. (46.1° C), 50 g., 5 sec. .not more than 100.

at 11° Fahr. (25° C), 100 g., 5 sec. .. .25 to 40.

at Z2° Fahr. (0° C), 200 g., 60 sec... not less than 10.

(c) Flash point (open cup) . .not less than 400° Fahr. (204.4° C.)

(d) Loss on heating at 325° Fahr. (163° C), 50 g., 5 hr.

not more than 0.5 per cent.

(e) Penetration at 11° Fahr. (25° C), 100 g., 5 sec. of residue

after heating at 325° Fahr. (163° C), as compared with
penetration of asphalt before heating

not less than 80 per cent.

(f) Ductility:

at 11° Fahr. (25° C.) not less than 20 cm.

(g) Solubility in carbon disulphide not less than 99 per cent.

Asphalt for Mastic

15. Asphalt for mastic shall be homogeneous and free from water.

It shall meet the following requirements }

(a) Penetration

:

at 11° Fahr. (25°C.), 100 g., 5 sec 25 to 30.

(b) Flash point (open cup) not less than 347° Fahr. (175° C.)

(c) Loss on heating at 325° Fahr. (163° C.)

50 g., 5 hr not more than 2 per cent.

(d) Penetration at 11° Fahr. (25° C), 100 g., 5 sec. of residue

after heating at 325° Fahr. (163° C), as compared with
penetration of asphalt before heating

not less than 60 per cent.

(e) Ductility at 11° Fahr. (25° C.) not less than 15 cm.
(f) Solubility in carbon tetrachloride. . . .not less than 99 per cent.

Note. When less than 99 per cent, of asphalt is soluble in carbon

tetrachloride, the percentage of bitumen (solubility in carbon disulphide)

shall be reported.

(2) Coal-tar Pitch

16. Coal-tar pitch shall be homogeneous and free from water. It shall

meet the following requirements :'

(a) Specific Gravity at 11°111° Fahr. (25725°C.) . . .1.25 to 1.35.

(b) Softening point (cube in water method)
130° to 155° Fahr. (54.4° to 68.3° C.)

(c) Distillation Test:
Total distillate by weight 32° to 572° Fahr. (0 to 300°

C.) not more than 10 per cent.

Residue by weight not less than 90 per cent.

(d) Specific gravity, at 10O°/77° Fahr. (38°/25° C), of total

distillate to 572° Fahr. (300° C.) not less than 1.03.

Xe) Ductility at 11° Fahr. (25° C.) not less than 20 cm.

Xf) Solubility in carbon disulphide 63 to 78 per cent.

'Same as A.S.T.M. Standards, Serial Designation D 163-23 T.
'Same as A.S.T.M. Standards, Serial Designation D 145-25.
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(3) Elastic Cement

17. Elastic cement shall be an asphalt homogeneous and free from

water. It shall meet the following requirements

:

(a) Softening point (ring and ball method)
120° to 130° Fahr. (48.8° to 54.4° C.)

(b) Penetration:

at 115° Fahr. (46.1° C), 50 g., 5 sec. not more than 300.

at IT Fahr. (25° C), 100 g., 5 sec 50 to 60.

at 32° Fahr. (0° C), 200 g., 60 sec. . . .not less than 15.

(c) Loss on heating at 325° Fahr. (163° C), 50 g., 5 hr
not more than 0.5 per cent.

(d) Ductility at 11° Fahr. (25° C.) not less than 85.

The cement shall be of such a quality that it will form a complete and

permanent bond with the adjacent materials. The volume shall not be

reduced on exposure to weather, except by change of temperature.

(4) Fabric*

18. Treated fabric shall be woven cotton cloth saturated with either

asphalt or coal-tar pitch, as specified by the Engineer.

19. In the process of manufacture, the dry cotton fabric shall be

tieated thoroughly and uniformly at a temperature and speed that will not

injure tlie fabric. This shall be accomplished by passing the fabric through

the saturant and then calendering it in the presence of heat, after which

it shall be cooled and wound into rolls.

20. The treated cotton fabric shall meet the following requirements

:

(a) Width not less than 30 nor more than 38 inches.

(b) Gross weight of roll. . . .not less than 35 nor more than 80 lb.

(c) Average net weight per square yard. . .not less than 11 ounces.

(d) Moisture content based on net weight
not more than one per cent.

(e) Average strength at 70° Fahr. (21.1° C), measured both in

the direction of the warp and of the filling

not less than 50 lb. per inch of width.

(f) Pliability at Zr Fahr. (0° C.) not less than 10.

(g) Average loss on heating asphalt treated fabric (.exclusive of

moisture) not more than 4 per cent.

(h) Weight of saturant. .. .not less than one and three-fourths

times the weight of the moisture-free
untreated fabric in the same area.

21. The desaturated cotton fabric shall be wholly of cotton, and shall

meet the following requirements

:

(a) Average dry weight per square yard. . . .not less than 4 ounces.

(b) Ash, based on dry weight of fabric

not more than one per cent.

(c) Thread count per inch both in the direction of the warp and
of the filling not less than 18 nor more than il.

'Conforms closely to A.S.T.M. Standards, Serial Designation D 173-25.
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22. Bitumen used in treating fabric shall be either asphalt meeting the

requirements of Section 14, or coal-tar pitch meeting the requirements of

Section 16, as required. It shall be liquified by heat alone and not by oils,

petroleum, or other solvents.

23. The meshes of the fabric shall not be completely closed by the

process of saturation. There shall be sufficient porosity to allow the

mopped-on bitumen to pass through.

24. The width of the selvage shall be not more than 3/16 inch.

25. The surface of the fabric shall not be coated or covered with talc

or other substance which might interfere with the adhesion between th«

fabric and the mopped-on bitumen.

26. The finished fabric shall be free from visible defects, such as

ragged or untrue edges, breaks, rents, and cracks. The surface shall be

smooth and free from folds, knots, and excess bitumen.

27. The finished fabric shall be of such a quality that it may be

unwound from the roll easily and without injury from sticking at atmos-

pheric temperatures above 50° Fahr.

28. The finished fabric shall be wound on cylindrical mandrels not

less than two inches in diameter, extending two to four inches beyond the

ends of rolls. The rolls shall be securely tied or wrapped tO' prevent

unrolling in transit.

(5) Felt^

29. Felt shall be rag- felt saturated, but not coated, with either asphalt

or coal-tar pitch ; or asbestos felt saturated, but not coated, with asphalt,

as specified by the Engineer. The saturation shall be accomplished by

passing the dry felt in single thickness through the saturant at a tempera-

ture and speed that will not injure the felt, and then calendering it

between heated cylinders. It shall then be cooled and wound into rolls.

30. The finished felt shall be of such quality that it may be unwound

from the roll easily and without injury from cracking or sticking, at

atmospheric temperatures above 50° Fahr.

31. The surface of the felt shall not be coated or covered with talc

or other substance that might prevent the adhesion between the felt and

the mopped-on bitumen.

Z2. The finished felt shall be free from visible defects, such as holes,

ragged or untrue edges, breaks, tears, cracks, lumps, and indentations. The
surface of the felt shall be uniformly smooth, and upon splitting or tearing

on the bias or otherwise, shall appear reasonably free from the following

defects

:

(a) Lumps of underbeaten stock (that is, stock which has not
been beaten or shredded into fiber in the process of manu-
facture).

(b) Foreign substances, such as fragments of stone, metal,

leather, rubber, straw, wood, etc.

(c) Patches of unabsorbed saturant.

(d) Dry spots.

^Conforms closely to A.S.T.M. Standards, Serial Designation D 172-23 T.
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33. The felt shall be saturated thoroughly and uniformly. Two-inch

strips, cut at random across the entire width and split open for their full

length, shall show no unsaturated spots.

34. The rolls of felt shall be wrapped securely in strong paper of the

same width as the felt. The wrapper shall be pasted at the overlap to

prevent shifting.

35. The rag felt shall be made by felting vegetable and animal fibers.

36. The treated rag felt shall meet the following requirements

:

(a) Width. .32 or 36 inches with an allowable variation of % i"'^'^-

Xb) Gross weight of roll not less than 50 nor more than 80 lb.

(c) Average net weight of 100 square feet

14 pounds with an allowable variation of 8 per cent.

(d) Detached comminuted surfacing on 100 square feet

not more than one pound.

(e) Maximum deviation from average thickness after removal of

the detached surfacing not more than 15 per cent.

(f ) Moisture ccmtent based on net weight
not more than 1 per cent.

(g) Average strength at 70° Fahr. with the fiber grain

not less than 25 pounds per inch of width.

(h) Average strength at 70° Fahr. across the fiber grain

not less than 15 pounds per inch of width.

(i) Pliability at 77° Fahr greater than 8.

(j) Average loss on heating asphalt treated felt (exclusive of

moisture) not more than 4 per cent.

(k) Weight of saturant not less

than 1.4 times the weight of the moisture-free untreated felt.

37. The desaturated rag felt shall meet the following requirements

:

(a) Average "Number" (expressed on the basis of pounds per
480 square feet)

28, with an allowable deviation of 10 per cent.

(b) Ash based on the dry weight of the felt

not more than 8 per cent.

(c) Composition of the felt, based on a microscopic count of
the fibers

:

Cotton and wool fibers not less than 75 per cent.

Jute and manila fibers not more than 15 per cent.

Mechanical wood, etc., fibers.. not more than 5 per cent.

Chemical wood fibers not more than 5 per cent.

38. The asphalt saturated asbestos felt shall meet the following

requirements

:

(a) Width. .32 or 36 inches with an allowable variation of J4 '"ch.

(b) Gross weight of roll

not less than 40 nor more than 80 pounds.
(c) Net weight of 1(X) square feet

20 pounds plus or minus 1.5 pounds.
(d) Moisture content based on net weight

not more than 0.5 per cent.

(e) Weight of saturant
not less than 60 per cent, of the weight of moisture-free felt.

(f) Loss on heating at 221° Fahr. (105° C.) for five hours
not more than 4 per cent.



724 Iron and Steel Structures

(g) Average strength at 70° Fahr. (21° C.) across the fiber

grain not less than 30 pounds per inch of width.

(h) Average strength at 70° Fahr. (21° C.) with the fiber

grain not less than 60 pounds per inch of width.

39. The desaturated asbestos felt shall meet the following require-

ments :

(a) Average thickness not less than 0.045 inches.

(b) The relative proportion of the organic and asbestos fibers

based on a microscopic count shall be

:

Organic not more than 10.

Asbestos not less than 90.

(6) Brick

40. Brick for the protection course shall be dense, hard burned, uni-

form in size and quality, free from warp and have square corners. The

absorption of moisture by bricks immersed in water seven hours shall not

exceed 10 per cent, of the weight of the dry brick.

(7) Concrete

41. The materials used in the concrete protection course shall meet

the requirements of the current specifications for concrete, of the Amer-

ican Railway Engineering Association.

(8) AsPHALTic Primer

42. Asphaltic primer shall be composed of asphalt and a solvent.

The asphalt shall meet the requirements for asphalt in Section 14. The

solvent shall be a hydro' carbon distillate having an end point, on distilla-

tion, not above 500° Fahr. (260° C). Not more than 20 per cent, shall

distill under 248° Fahr. (120° C).
43. The primer shall be free from water and shall meet the following

requirements

:

(a) Sediment not more than one per cent.

(b) Asphaltic base, by weight 25 to 35 per cent.

(9) Asphalt Mastic

44. Asphalt mastic shall be either premoulded blocks or poured-in-

place mastic.

Poured-in-place mastic shall be composed of (a) asphalt mixed with

mineral aggregates, or (b) mastic cake mixed with asphalt and mineral

aggregates.

Asphalt

45. Asphalt for mastic shall, meet the requirements of Section 15.

Coarse Mineral Aggregate

46. Coarse mineral aggregate shall be well graded crushed stone or

washed gravel, that will pass a % inch screen and be retained on a No. 10

screen. It shall be free from soft particles and organic matter.
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Fine Mineral Aggfregate

47. Fine mineral aggregate shall be well graded washed sand or

crushed stone, that will pass a No. 10 screen. It shall be free from soft

particles and organic matter.

Mineral Filler

48. Mineral filler shall be finely ground limestone or silica meet-

ing the following requirements:

(a) Passing a 200 mesh sieve not less than 50 per cent.

(b) Passing a 30 mesh sieve not less than 90 per cent.

Portland Cement

49. Portland cement shall meet the requirements of the current speci-

fications for Portland cement, of the American Railway Engineering Asso-

ciation.

Mastic Cake

50. Mastic cake shall contain from 14 to 18 per cent., by weight, of

matter soluble in pure benzol.

The soluble matter shall be asphalt which will meet the requirements

of Section 15.

The insoluble matter shall be granular mineral matter, which will meet

the requirements of Sections 47, 48 and 49.

Pre-moulded Blocks

51. Pre-moulded blocks shall meet the following requirements:

(a) They shall be 4 inches wide, 8 inches long, and 1% inches

thick. A deviation of J4 inch in length or J/^ inch in width
or thickness either way from these dimensions, shall be cause
for rejection.

(b) The blocks shall be formed in moulds, under a pressure of

not less than 3300 pounds per. square inch of surface. An
absorption test shall be made on blocks dried for 24 hours
at a temix;rature of 150° Fahr. (65.5° C.) and then immersed
in water seven days. The absorption of moisture under this

test shall not exceed 1 per cent, of the weight of the block.

(10) Reinforcing Material for Concrete Protection

52. Reinforcing material shall be steel wire netting with a mesh not

less than two inches. The wire shall be not smaller than No. 14 gage.

(11) Insulating Paper

53. Insulating paper shall be a waterproof paper 36 inches wide and

weighing not less than 10 lb. per 100 square feet.

(12) Marking

54. Bituminous materials, fabric, and felt shall be delivered on the

work in the original packages bearing the manufacturer's brand or label.

The kind of saturant for the fabric and felt shall be indicated.
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(13) Inspection and Tests

55. Material shall be sampled and tested for the specified properties

by the current methods recommended by the American Society for Testing

Materials.

56. Materials to be furnished by a contractor shall be delivered on

the work, at least three weeks before they are to be applied, in order that

they may be tested and analyzed. No work shall be begun until the mate-

rials have been accepted by the Engineer.

57. The bidder shall submit with his bid samples of the bitumen,

fabric and felt that he proposes to furnish, accompanied by test reports

as evidence that he is producing material of the quality specified. The

tests covered by these reports shall meet every requirement of these speci-

fications.

58. When materials are delivered on the work, the Engineer may take

samples at random for tests. If the tests show that any material does not

meet the specification requirements, the Contractor shall remove such mate-

rial immediately from the work at his own expense.

(V) APPLICATION

( 1 ) General

59. Waterproofing shall not be done in wet weather nor at a tem-

perature below 50° Fahr. without permission from the Engineer.

60. The work shall be done by competent workmen, skilled in the

kinds of work specified.

(2) Preparation of Surfaces

61. Surfaces of concrete and steel to be waterproofed shall be smooth

and free from projections which might injure the waterproofing membrane.

The surface shall be cleaned of dust, dirt, grease and loose particles. The
use of hand bellows is recommended for removing dust and loose dirt from

corners and joints. For removing grease from the steel, freshening the

surface of the asphalt where a joining of old and new is to be made, or

where elastic cement is to be applied against the steel and the membrane
or the protection course, gasoline shall be used. The gasoline may be

applied by swabbing or by pouring on a small quantity and setting fire to it.

A blow torch also' may be used. The surface shall be clean and dry when
the waterproofing is applied. Damp surfaces may be dried by covering

with a layer of hot sand. The sand shall remain in place one or two hours,

after which it shall be removed from enough surface to allow the work
to proceed. Another method is to swab with gasoline and set fire to it.

(3) Priming Coat

62. If specified by the Engineer, surfaces of concrete or steel coming

in contact with asphalt waterproofing shall be given one coat of asphaltic

primer. The primer shall be thoroughly worked in to give a uniform

coating.
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63. Priming shall be done immediately before applying the water-

proofing membrane. The priming coat shall be dry before the membrane

is applied.

(4) Floating Membrane

64. If bond between the membrane and the surface to be waterproofed

is not desired, the surface shall be covered with insulating paper meeting

the requirements of Section 53.

(5) Workmanship

65. The felt or fabric shall be laid single fashion with the specified

number of layers, and with the top layer lapped two inches over the bottom

layer. Each strip shall be laid in a mopping of hot bitumen and, when

the specified number of layers has been laid, the entire surface shall be

mopped. If practicable, the laying of the felt or fabric shall be begun

at the lowest part of the surface to be waterproofed. The surface shall

be completely covered with a heavy mopping of bitumen before the strip

of felt or fabric is put down. The mopping shall be so done that there

will be no air bubbles or pockets, or spots where the surface shows through.

If fabric is used, this mopping of bitumen shall be sufficient to fill the open

meshes in the fabric when it is pressed down. As soon as a strip of felt

or fabric has been laid, it shall be pressed into the hot bitumen to eliminate

the air bubbles. Creases in the fabric shall be smoothed out carefully by

pulling the fabric. The top mopping shall be of such thickness and be

so applied as to seal and cover the fabric or felt completely.

66. Special care shall be taken that the felt or fabric is completely

sealed down at the laps. The waterproofing membrane shall be continuous

and unbroken. The work shall be so regulated that at the end of the day,

the fabric or felt that has been laid will have received the final mopping

of bitumen. At joints in the membrane, the laps shall be at least 12 inches.

The felt or fabric for making the lap shall be left unmopped until the

joint is to be completed.

67. The amount of bitumen in each mopping of 100 square feet of

surface shall be not less than 4J/2 gallons.

68. Care shall be taken to avoid overheating the bitumen. The tem-

perature of the bitumen in the kettle shall not be above 350° Fahr., and
not below 250° Fahr., just before the bitumen is placed in the work.

Kettles shall be equipped with thermometers.

69. Special care shall be taken to make the waterproofing effective

along the sides and at the ends of girders, and at stiffeners, gussets, etc.

The waterproofing membrane shall be turned down into the drainage

casting without a break.

70. Waterproofing shall be protected against mechanical injury, high

temperature, and chemical action, as soon as possible after completion.

(6) Concrete Protection Course

71. The concrete protection course shall be not less than one and one-
half inches thick, and reinforced as required by tlie plans. The concrete
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shall be 1-2-4 mixture of a consistency as dry as is workable. The size

of the coarse aggregate shall not exceed Yz inch. The top surface of the

concrete shall be true tO' grade and troweled to a smooth finish.

72. Unless approved by the Engineer, trains shall not be allowed over

waterproofed surfaces until the concrete deposited last has had the equiva-

lent of seven days of good curing weather.

(7) Brick Protection Course

IZ. The brick protection course shall be laid over the entire mem-

brane, except around the drainage castings and other places shown on the

plans. In such places concrete shall be used.

74. The laying of brick shall follow the waterproofing closely, and

the joints shall be filled immediately. Unless otherwise specified, the joints

shall be filled with bitumen of the kind used for the waterproofing. The

bricks shall be dry when the joints are filled.

(8) Asphalt Mastic Protection Course

Pre-moulded Blocks

75. The pre-moulded block protection course shall be laid over the

entire membrane, except around the drainage castings and other places

shown on the plans. In such places poured-in-place mastic or concrete

shall be used.

76. The laying of the blocks shall follow the waterproofing closely.

The blocks shall be laid in hot asphalt and the joints shall be filled imme-

diately with asphalt. The asphalt shall meet the requirements of Section 15.

Poured-in-Place Mastic

n. The poured-in-place mastic protection course shall be not less

than one and one-half inches thick, and shall be laid on one thickness of

insulating paper on the membrane. The insulating paper shall meet the

requirements of Section 53.

78. Asphalt and mineral aggregates shall be mixed in the following

proportions

:

Asphalt 9 to 12 per cent.

Coarse mineral aggregate 35 to 40 per cent.

Fine mineral aggregate 33 to 7)1 per cent.

Portland cement or mineral filler 15 to 19 per cent.

The proportions should be varied to give a mastic of the greatest

density and stability.

79. Mastic cake, asphalt, and mineral aggregates shall be mixed in

about the following proportions

:

Mastic cake 48 per cent.

Asphalt 5 per cent.

Fine mineral aggregate and cement or mineral filler. . . .19 per cent.

Coarse mineral aggregate 28 per cent.

The proportions should be varied to give a mastic of the greatest

density and stability.
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80. The asphalt and the mastic cake shall be heated to 350° Fahr.

The aggregates shall be mixed and heated, and placed in the melted asphalt

in the kettle. The ingredients shall be mixed thoroughly with iron stirring

rods until all particles of the aggregates are covered with and incorporated

in the asphalt, care being taken to prevent burning. After the mastic is

mixed it shall be removed from the kettle and poured while hot. It shall

be placed in layers not more than ^ inch thick, the thickness of the layers

being gaged by wooden strips held in position by suitable weights. The

layers shall lap not less than six inches at the joints and shall be brought

to the required thickness with wooden spreaders and floats. The top layer

shall be finished to the required grade and with a smooth surface. On
surfaces steeper than 4^ vertical to 12 horizontal, brick or concrete pro-

tection shall be used instead of mastic. As soon as the top layer of the

mastic is finished, it shall be given a mopping of hot asphalt sanded to a

walking surface while hot.



730 Iron and Steel Structures

Appendix C

(13) TESTS ON THE BEARING VALUE OF LARGE ROLLERS

TABLE OF CONTENTS

L Introduction

1. Object of Investigation 732
2. Acknowledgments 733

II. Description of Static Tests

3. Description of Specimens and Apparatus 733
4. Development of Methods of Testing 735
5. Scope of Investigation 738

III. Results of Static Tests

6. Relation Between Diameter of Segment and the Load that Produces
Set 738

7. Relation Between the Hardness of Steel Castings and the Load
that Produces Set 743

8. Relation Between the Length of Segment and the Load that

Produces Set 752

9. Miscellaneous Tests 754
10. Summary of Static Tests 758

IV. Description of Rolling Tests

11. Description of Apparatus 761

12. Tests of Deep Blocks 761

13. Tests of Thin Plates 764

14. Summary of Rolling Tests 765

List of Figures

1. Specimens for Static Tests of Segments 734

2. Segment of Roller and Track for Rail Type of Bascule Bridge... 755

3. Positions of Segments During Tests, Roller for Rail Type of

Bridge 756

4. Machine for Making Rolling Tests of Segments 762

5. Profilometer 763

List of Tables

1. Relation Between Diameter of Segment and the Load That Pro-
duces Set 743

2. Properties of Specimens Used to Determine the Effect of Hard-
ness Upon the Load That Produces Set 749

3. Load That Produces Set. Rollers Used on Rail Type of Bascule

Bridge 757



Iron and Steel Structures 731

List of Plates

1. Load That Produces Set IZl
2. Effect of Diameter of Segment Upon Load That Produces Set.

Specimens I and N 739

3. Eflfect of Diameter of Segment Upon Load That Produces Set.

Specimens K and P 740

4. Effect of Diameter of Segment Upon Load That Produces Set.

Specimens L and Q 741

5. Eflfect of Diameter of Segment Upon Load That Produces Set.

Specimens M and R 742
6. Eflfect of Diameter of Segment Upon Load That Produces Set.

Specimens p and q, 10 in. thick 744

7. Effect of Diameter of Segment Upon Load That Produces Set.

Specimens p and q, 8 in. thick 745

8. Effect of Diameter of Segment Upon Load That Produces Set.

Specimens p and q, 6 in. thick 746
9. Effect of Hardness Upon Load That Produces Set. Steel Castings 747

10. Effect of Hardness Upon Load That Produces Set. Various
Materials 750

11. Effect of Heat Treatment of Medium Grade Steel Castings Upon
Load That Produces Set 751

12. Relation Between Length of Segment and Load Per Linear Inch
of Segment That Produces Set. Steel Forgings 753

13. Relation Between Length of Segment and Load Per Linear Inch
of Segment That Produces Set. Steel Castings 766

14. Relation Between Length of Segment and Load Per Linear Inch
of Segment That Produces Set. Steel Castings 767

15. Rolling Tests. Relation Between Load and Longitudinal Exten-
sion of Plate. .125 in. Plate 768

16. Rolling Tests. Relation Between Load and Longitudinal Exten-
sion of Plate. .125 in. Plate 769

17. Rolling Tests. Relation Between Load and Longitudinal Exten-
sion of Plate, .25 in. Plate 770

18. Rolling Tests. Relation Between Load and Longitudinal Exten-
sion of Plate. .50 in. Plate 771

19. Rolling Tests. Relation BetAveen Load and Longitudinal Exten-
sion of Plate. .75 in. Plate 772

20. Rolling Tests. Relation Between Load and Longitudinal Exten-
sion of Plate. 1.00 in. Plate 77?>

21. Rolling Tests. Relation Between Load and Longitudinal Exten-
sion of Plate. 1.50 in. Plate 774

22. Rolling Tests. Effect of Thickness of Plate Upon Load Producing
Longitudinal Extension 775



732 Iron and Steel Structures

Appendix C

(13) TESTS ON THE BEARING VALUE OF LARGE
ROLLERS

W. M. Wilson, Chairman, Special Committee; Otis Hovey, P. G. Lang,

B. R. Leffler, P. B. Motley, G. H. Tinker, F. E. Turneaure.

(1) INTRODUCTION

1. Object of Investigation.—The object of the investigation was to

obtain data on which to base the design of rolling bascule bridges.

The portion of the truss or girder of a rolling bascule bridge that

comes in contact with the support is a part of a cylinder; the bridge is

counterweighted in such a manner that the center of gravity of the moving

leaf and the counterweight falls at the center of the cylinder; and the

bridge opens and closes by rolling back and forth on a horizontal track

placed on top oi the substructure. The cylindrical portion of the moving

leaf is usually constructed in one or the other of two ways, as follows:

(1) the tail end of the truss is circular in outline and curved sole plates

are fitted directly to the curved structural steel members; (2) the tail end

of the truss consists of a number oi chordal members and cast segments

are attached to them in such a manner that the outside faces of the seg-

ments form a continuous cylindrical surface. There results, in each case,

a heavily loaded cylinder that rolls back and forth on a horizontal plane

track.

The design of a loaded cylinder rolling on a plane surface is a prob-

lem in stress analysis that has never been solved satisfactorily. Inasmuch

as many bridges, especially those constructed with sole plates, have failed

in service and, inasmuch as the fundamental conception of the bridge is

good, it seemed desirable to obtain sufficient experimental data to establish

empirical rules of design that will be sufficiently accurate to produce a

bridge that will be both economical and free from liability of failure.

Preliminary tests indicated that the manner of failure is different for

bridges havipg the sole-plate construction than it is for those having the

cast-segment construction. Sole plates fail by progressive longitudinal

extension under continuous rolling ; cast segments deteriorate by a gradual

disintegration of the surface due to local overstress. Rolling tests giving

the load that produces a progressive elongation of the sole plate under

continuous rolling have been devised, but rolling tests giving the load that

produces surface disintegration require a large amount of time and are

expensive to make. Static tests were devised that, it is believed, give a

part of the necessary data.

The static tests were originally based upon the assumption that, for a

cylinder lying on a plane surface, the smallest load producing a permanent

deformation is the smallest load that, when applied to a rolling cylinder,

will cause a rolling out or extension of the plate or block upon which the
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cylinder rolls. The rolling tests* show that this assumption is not true.

Nevertheless, the load that produces set, produces local overstresses and

the rolling tests indicate that, for thick sole plates and deep cast segments,

the minimum load that produces a permanent deformation in the material

is closely related to the load that, with continuous rolling, will cause a

disintegration of the surface. The investigation has, therefore, been divided

into two parts: (1) static tests to determine the minimum load that will

produce a permanent deformation in the material, and (2) rolling tests to

determine the minimum load that will produce a progressive elongation of

sole plates under continuous rolling. This report contains the results of the

static tests ; a report of one complete series of rolling tests has, however,

been included. Additional rolling tests are contemplated.

2. Acknowledgments.—This report is an abstract of a forthcoming

Bulletin of the Engineering Experiment Station of the University of Illinois.f

The tests were made by the Engineering Experiment Station working in

consultation with the Special Committee on the Bearing Value of Large

Rollers. The American Bridge Company and the Strobel Steel Construction

Company of Chicago have made extensive contributions of material ; the

Scherzer Bascule Bridge Company of Chicago contributed $350.00 and

the American Railway Association contributed $1500.00 to help meet the

expenses of the work.

(II) DESCRIPTION OF STATIC TESTS

3. Description of Specimens and Apparatus.—The radius of curve

of the segmental girders used on rolling bascule bridge is so great that it

would be impracticable to make tests on complete cylinders, instead

segments of cylinders were used. The blocks were used for each test, the

lower one, designated as the base, was a rectangular block having a care-

fully finished plane surface on top, and the upper one, designated as the

segment, had a carefully finished cylindrical surface on the bottom. The
general appearance of the specimens is shown in Fig. 1. Each specimen

had the same thickness throughout except the specimens used in the tests

described in Article 9. The thickness of the various specimens ranged from

.875 inches to 10 inches, but the base and segment that constituted a pair

always had the same thickness. Each pair of blocks was refinished and

retested a number of times. The blocks were from 10 inches to 16 inches

long and 10 inches to 12 inches high when they were tested for the first

time; as they were refinished the height was gradually reduced, in some

cases to 5 inches but generally to about 8 inches or 9 inches. Preliminary

tests specially planned to determine the effect of repeated loading of a

pair of blocks indicated that the load from one test had no appreciable

effect upon subsequent tests of the same specimens. Other preliminary tests

'Reported in Articles 12 and 13.

tBuIlctin No. 162, Engineering Experiment Station, University of Illinois. This
Bulletin may be obtained by addressing the Director of the Engineering Experiment
Station, Urbana, IllinoU.
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showed that results obtained on blocks 5 inches or more in depth were

applicable to large segments.

During the early part of the investigation the surfaces of the specimens

were ground, but machined surfaces proved more satisfactory and grinding

was discontinued. After being machined, all surfaces were finished by

hand, first with a file and later with emery cloth, until the surfaces would

prove up with a surface plate.

In speaking of the various dimensions of the specimens the expression

"width of specimen" will be used to designate the horizontal dimension

parallel to the paper in the side elevation of Fig. 1 and the expression

"thickness of specimen" will be used to designate the horizontal dimension

normal to the paper in the same view. The latter dimension is sometimes

also referred to as the length of the segment, that is, the length of the

cylinder from which the segment is taken. The latter expression is espe-

cially used in speaking of the "load per linear inch of segment."

All tests were made in a screw-type testing machine, the position of

the specimens in the machine being shown in Fig. 1. A cylindrical block

was placed between the segment and the head of the machine so as to

permit a uniform distribution of the pressure across the upper edge of the

segment and, at the same time, prevent the area in contact from shifting

during the progress of the test.

The method used in testing the specimens is described in Article 4.

This method required that shims be inserted between the segment and the

base and that the distance between shims be measured under various con-

ditions. The position of the shims is illustrated in the figure. Brass shim

stock was used for the early tests but steel standard thickness gages were

later adopted.

The distance between shims was measured with tapered scales. The

scales used for most of the tests had a taper of 1 to 10 and were divided

along the edge into divisions .10 inches wide so that one division corre-

sponded to a change in width of the scale of .01 inches. The scale was

placed so that its weight was taken by the shims in the manner shown in

the figure. The distance between shims was read to .001 inches by esti-

mating fractions of divisions with the eye.

4. Development of Methods of Testing.—If a cylinder lies upon a

plane and if there is no pressure between the two, the contact will be

line contact. But if there is a pressure between the two surfaces, the mate-

rial will be deformed and the contact will become surface contact. This is

true even though the deformation is perfectly elastic. The width of the

area in contact depends upon the diameter of the cylinder, the magnitude

of the pressure, and upon the elastic properties of the material. As the

pressure is reduced the width of the area in contact decreases until the

area becomes a line as the pressure reaches zero. If the deformation has

been perfectly elastic, the cylindrical and plane surfaces again become a

true cylinder and plane, respectively; if the deformation is not perfectly

elastic, set will have been produced and the cylinder will be flattened or

the plane will be depressed, or both.



736 Iron and Steel Structures

Fig. 1 represents a segment of a cylinder resting on a base having a

plane top. For purposes of explanation, consider the smallest load that will

produce a permanent deformation in the segment or the base to be 100,000

lb. Consider that a load of 30,000 lb. has been applied to the specimens.

Thin shims are then inserted between the segment and the base, one on

each side of the area in contact, and the distance between them is measured

by means of the tapered scale. The shims are then removed and the load

is increased, say to 50,000 lb.; it is then reduced to 30,000 lb., the shims

are inserted and the distance between them is again measured. If 100,000

lb. is the least load that will produce a permanent deformation, the distance

between shims at 30,000 lb. following a SO,000-lb. load will be the same

as at the original 30,000 lb. The distance between shims is measured at

30,000 lb. following successively, intermediate loads of say 70,000 lb., 90,000

lb., 110,000 lb., and 130,000 lb. If 100,000 lb. is the least load that will

produce a permanent deformation, the distance between shims at 30,000 lb.

following 70,000 lb. and 90,000 lb. will be the same as at the original 30,000

lb., but the distance at 30,000 lb. following 110,000 lb. and 130,000 lb. will

be greater than at the original 30,000 lb.

In the application of this method a diagram is constructed showing

the relation between the maximum load that had been applied and the dis-

tance between shims at a small load. Plate 1 shows such a diagram for

a test of the steel castings M and R, the segment R having a diameter of

479.8 inches. The distance between shims was measured at a load of 30,000

lb. per linear inch of segment following a series of loads increasing by

increments of 10,000 lb. from 30,000 lb. to 130,000 lb. The distance between

shims at 30,000 lb. begins to increase slightly when the "maximum previous

load" has been increased to 60,000 lb. As the load increases further the

distance between shims increases rapidly.

The fact that the distance between shims at the small load has been

increased by the application of the large load is equivalent to saying that

a set has been produced in a vertical direction in one or both blocks. The
plane and cylindrical surfaces are so near parallel at the point where the

shims are inserted that a very slight vertical set produces an appreciable

increase in the distance between shims. A smaller vertical set can be de-

tected in this manner than by direct measurement and the test can be con-

ducted without removing the load from the specimens during the test. The

magnitude of the set is probably roughly proportionate tO' the distance

between shims, but the proportionality factor is not known.

If the diagram of Plate 1 contained a sharp break, this break would

indicate the point at which the magnitude of the set begins tO' increase

rapidly with an increase in the load. With a smooth curve, the point of

sharpest curvature corresponds most nearly to a break in a curve. Un-
fortunately, the point of sharpest curvature is an indefinite one and cannot

be located by inspection. In the absence of a break in the curve and in

order that the interpretation of all tests may be reasonably consistent, the

following construction has been adopted for locating a point that will be

at least approximately equivalent to a break in the curve.



Iron and Steel Structures in

\:.\'.\'.—;i;"'i,' ;'i.i.;:i.;i):ij;ii,iii

_:^^i

MeitkrfsJ..5te^LCakUn^i

l/slance J3etu/een
g4 3.5- < :.aie::i:: :3:l7- - . ^„

Shim A at 3QOCIO Lb. per l/near In of
3e^/rycnt Fo//ouiint <» J.43TgeT Loa^j /n Inches.



738 Iron and Steel Structures

Draw tangents to^ the two- branches of the curve and extend them until

they intersect. Bisect the angle between the two tangents and find the

intersection of this bisector with the curve. This point will be used as a

substitute for a definite break. The load corresponding to this intersection

approximates the load at which the set increases rapidly with further in-

creases in the load. Smaller loads probably produce but slight impairment

of the elastic properties of the material, greater loads probably produce an

appreciable impairment of those properties, at least over a small area. The

load corresponding to the intersection of the curve and the bisector has

been designated as the "load that produces set." In the case of the test

reported on Plate 1, the load that produces set is 97,000 lb. per linear inch

of segment

5. Scope of Investigation.—The load that a cylinder lying on a plane

surface can safely carry depends upon many factors. The present series

of tests were planned to determine the influence of a number of these

factors, the ones whose effect has been studied being, the diameter of the

segment, the length of the segment measured in a direction parallel to the

axis of the cylinder, the method of manufacturing the steel (steel castings

and steel forgings), the hardness of the material as controlled by the

composition of the steel, and the hardness of the material as controlled by

heat treatment. The different variables were studied separately, a series of

tests being planned for each variable in which all factors known to influence

the results were kept constant except the one being studied.

(Ill) RESULTS OF STATIC TESTS

6. Relation Betwreen Diameter of Segment and the Load That

Produces Set.—A large number of pairs of blocks were tested when
the segment had been finished at variotis diameters, so that a large amount

of data has been collected showing the relation between the diameter of a

segment and the load that produces set.

The data contained on Plates 2 to 5, inclusive, were obtained from tests

of steel castings of medium grade, A.S.T.M. Specifications, that had been

thoroughly annealed. The pairs of specimens I and N, K and P, L and Q,
and M and R were 1 inch, 2 inches, 3 inches, and 4 inches thick, respectively.

One pair of steel castings of medium grade, designated as p and q,

was originally finished to a thickness of 10 inches. After being tested

when the segment had been finished at various diameters, the thickness of

the specimens was reduced tO' 8 inches and the specimens were again tested.

The blocks were tested after the segment had been finished to various

diameters and after the thickness had been reduced successively to 10 inches,

8 inches, 6 inches, 4 inches and 2 inches. The results of the tests at thick-

nesses of 10 inches, 8 inches and 6 inches are given on Plates 6, 7, and 8,

respectively.

Many other specimens were tested at diameters ranging from 120 inches

to 480 inches and curves similar to those on Plates 2 to 8 were drawn.

All diagrams representing the results of these tests lie above a straight
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line through the origin except three that coincide with such a line, and two

that lie below a straight line through the origin. Although a majority of

these diagrams are curved lines, the curvature varies so much with different

blocks, the curvature is so slight beyond a diameter of 120 inches, and the

method of interpreting the tests is so subject to small errors that an attempt

to fit the curves with other than straight-line equations does not seem justi-

fiable. It would seem more in keeping with the character of the results to

represent them by a straight-line diagram beginning at a point corresponding

to a diameter of 120 inches and extending to the right. A description of

the blocks and the equations for the lines representing the relation between

the diameter of the segment and the load producing set are listed in Table

1. The equations are not applicable to segments having a diameter less

than 120 inches.

The full-line diagrams of Plates 2 to 8 represent the results of tests,

the dotted-line diagrams represent the algebraic expressions for the load

that produces set, as given in Table 1.

Table 1.

Relation Between Diameter of Segment and the Load That Produces

Set
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from 120 inches to 480 inches. The blocks arc classified according to hard-

ness as follows : r and s, soft ; P and K, medium ; t and u, hard ; and v

and w, extra hard. All blocks were annealed before being tested. The
properties of the blocks are presented in Table 2.

Diagrams similar to those on Plates 2 to 8 were drawn for the blocks

used in this series and, in getting data to show the relation between the

load that produces set and the hardness of the material, the load for a

particular pair of blocks was read from the proper diagram. The relation

between the load that produces set and the hardness of the material is

shown by the diagrams on Plate 9.

There are a number of characteristics of these diagrams that are

remarkable. The segments made from a soft grade of steel castings are

permanently deformed by a very small load; segments made from an

extra hard grade of steel castings are permanently deformed at a lower

load than segments made from a hard grade ; and, for segments made

from a medium grade of steel castings, the grade almost universally used

in engineering structures, a slight change in the hardness makes a big

change in the load that produces set. The fact that the load producing

set is greater for segments made from a hard grade than it is for those

made from a medium grade of steel castings was to be expected; that the

magnitude of the difference is so great is surprising.

The specimens r and s, P and K, t and u, and v and w were steel

castings obtained specially for this series. The blocks p and q, BA and

BB, and BC and BD were similar to the above specimens and data obtained

from them can be used in this study. The blocks B and F vifcre likewise

similar to the blocks specially obtained for the series except that they

are steel forgings. The diagrams of Plate 9 have been reproduced on

Plate 10 and the data from tests of the other blocks have been added.

The specimens p and q are comparable in composition and method of

manufacture with K and P, yet the load producing set is very much less

for the former than for the latter ; likewise, the load producing set for

BA and BB is much less than for t and u, with which they are compar-

able; the load producing set for the vanadium steel castings BC and BD
is greater than for carbon steel castings of equal hardness ; and the load

producing Set for the soft forgings B and F is greater than for equally

soft steel castings but it is less than for steel castings of medium grade.

In order to determine the effect of heat treatment upon steel castings

of medium grade, after the series of tests reported on Plate 3 had been

completed, the blocks K and P were heat treated by holding them at a

temperature of 1550 degrees Fahr. for two hours, quenching them in water,

and then holding them at a temperature of 800 degrees Fahr. for three

hours. The results of the subsequent tests are presented graphically by

the upper diagram of Plate 11. The diagram of Plate 3, showing the

results of tests of the same specimens when annealed, is reproduced as the

lower curve of this plate. The heat treatment raised the Brinell number

from 130 to 173 and doubled the load that produces set.
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The results of the series of tests to determine the effect of hardness

upon the load that produces set, indicate:

1. For soft steel castings, the load that produces set is very small.

2. For castings of medium grade, the load that produces set increases

very rapidly with the hardness.

3. For castings grade hard (A.S.T.M. specifications), the load that

produces set is much greater than is for castings, grade medium.

4. Increasing the hardness beyond that of castings designated as grade

hard, does not increase the load that produces set.

5. The load that produces set is less for a soft casting than for a

forging having the same Brinell number.

6. The load that produces set can be increased greatly for steel cast-

ings of medium grade by proper heat treatment.

7. For a given increase in the hardness of steel castings, the load that

produces set is increased more if the hardness is increased by heat treat-

ment than if it is increased by increasing the carbon content.

The choice of specimens is a large factor in a series of tests of this

kind and the selection of other blocks might have produced results differ-

ing materially from those given on Plates 9 and 10, but the choice of

specimens probably would not have affected the conclusions given above.

8. Relation Between the Length of Segment* and the Load That

Produces Set.—Three series of tests were made to determine the effect

of the length of the segment upon the load per linear inch of segment that

produces set. The first series was made upon the blocks A and E, B and

F, C and G, and D and H. The blocks A and E were structural steel

plates .87 inches thick* ; the others were steel forgings of structural grade,

their thicknesses being 2 inches for B and F, 3 inches for C and G, and

4 inches for D and H. All blocks were annealed before being tested.

Diagrams similar to those on Plates 2 to 8 were drav^m for the blocks

used in this series. In getting data to show the relation between the load

that produces set and the thickness of the blocks, the load for a particular

pair of blocks was read from the proper diagram.

The relation between the load per linear inch of segment that produces

set and the thickness of block, is presented on Plate 12. Unfortunately the

two thinnest blocks were also the softest, so that there is some uncertainty

as to whether the greater load required to produce set is due to the greater

thickness or to the greater hardness. The 3-inch and 4-inch blocks have

almost exactly the same hardness.

The second series of tests was made upon steel castings of medium

grade, the blocks being designated as I and N, P and K, L and Q, and

M and R, the thickness* of the pairs of blocks being 1 inch, 2 inches, 3

inches, and 4 inches, respectively. All blocks were annealed before being

tested.

The relation between the load per linear inch of segment that produces

set and the length of the segment is presented on Plate 13. The full-line

'Measured parallel to the axis of the cylinder. See Fig. 1.



Iron and Steel Structures 753

^Kau'jjac JO -tji jtau-pi J^d "qi -'o Spupsr.oi^x i;t los aojupojj ;eiii p^OT



754 Iron and Steel Structures

diagram presents the values obtained from the tests, the dotted-line diagrams

present the same values after they have been corrected for hardness by

the diagram on Plate 9. The thinnest three pairs of blocks all had about

the same Brinell number and both sets of curves indicate that the load that

produces set increases with the thickness, for thicknesses ranging from 1

inch to 3 inches. The 4-inch base was distinctly softer than the other blocks

and the relation between the two variables being studied is not clear for

thicknesses greater than 3 inches.

The results of both series of tests were unsatisfactory, partly because

of the variations in the properties of the individual blocks and partly because

the thickness of the thickest blocks was not great enough. A third series of

tests was therefore planned to study the relation between the load per linear

inch of segment that produces set and the length of the segment. The

specimens used in this series were cut from a steel casting of medium

grade that was originally approximately 11 inches square and 22 inches

long. The block was sawed in two in the middle and each half was

machined to a cube 10 inches on a side. The surfaces in contact during

the tests were the mid-sections before the casting was sawed in two. The

blocks 10 inches thick were tested when the segment was finished t(-

various diameters ranging from 120 inches to 480 inches. The blocks were

then reduced in thickness to 8 inches by cutting 1 inch from the two oppo-

site faces of each block, after which the blocks were again tested. The

specimens were thus tested when the segment was finished to diameters

ranging from 120 inches to 480 inches after the blocks had been reduced

in thickness, successively, to 10 inches, 8 inches, 6 inches, 4 inches and 2

inches. The relation between the load per linear inch of segment that

produces set and the diameter of the segment is given on Plate 14.

The results of this series of tests indicate that the load per linear inch

of segment that produces set, increases with the length of the segment

(thickness of the block) up to a length of 6 inches for segments having a

diameter from 120 inches to 480 inches, but increasing the length above 6

inches does not materially increase that load. Increasing the thickness from

2 inches to 6 inches increased the load that produces set by 68 per cent, for

segments having a diameter of 120 inches and by 40 per cent, for those

having a diameter of 480 inches; increasing the thickness from 4 inches to

6 inches increased that load 20 per cent, for segments having a diameter of

120 inches and by 15 per cent, for those having a diameter of 480 inches.

9. Miscellaneous Tests.—Three sets of tests were made that did

not belong to any of the principal series; these were (1) tests of rollers

used on the Rail type of bascule bridge, (2) tests of pieces cut from the

sole plates of the bascule bridge forming a part of the Galveston Causeway,

and (3) tests on blocks of different sizes. These tests are described in the

following paragraphs.

1. Rollers used on the Rail type of bridge. The specimens for these

tests are shown on Fig. 2.* The diameter and length of the roller and the

•These specimens were furnished by the Strobel Steel Construction Co. of Chicago.
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cross section of the track are comparable with those used on medium sized

bridges of this type. Two pairs of specimens were tested, one pair, BG
and BI, was made of carbon steel castings of medium grade and the other

pair, BF and BH, of vanadium steel castings. These specimens were tested

in two positions (1) when contact was at the ribs, as shown in Fig. 3a;

and (2) when contact was midway between the ribs, as shown in Fig. 3b.

The results of the tests are shown in Table 3. These tests show that the

load that produces set was slightly greater for the vanadium than for the

carbon steel castings, and it was slightly greater when the contact was

between than when it was at the ribs. The load that produces set is given

by the expression 603 Ld for the carbon and 690 Ld for the vanadium

steel castings ; the load is in pounds, L is the length of the segment in

inches, and d is the diameter in inches.

Table 3

Load That Produces Set

Rollers Used in Rall Type of Bascule Bridge

CO .

o
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tests, a load of 50,000 lb. for one set of blocks and 56,000 lb. for the other,

produces a set in the material. The original sole plates were 2.5 inches

thick, whereas the blocks subjected to the static tests were only 2 inches

thick. The additional 0.5 inches of metal would probably increase the load

required to produce set to 60,000 lb. or 65,000 lb., a value scarcely more

than half of the load to which the sole plates were actually subjected.

3. Tests on Blocks of Different Sizes.—Three series of tests were

made to determine the effect of the size of the blocks upon the load that

produces cither set or a yield-point stress in the material.

The first series of tests was made on steel castings 2 inches thick, 8

inches high, and 10 inches wide, and the segment was finished tO' a diameter

of 40 inches.

The tests of these blocks showed that, for segments having a diameter

of 40 inches, reducing the height of the segment from 9 inches tO' 1 inch

and reducing the width from 10 inches to 2 inches had no appreciable effect

upon the load producing a yield-point stress in the material.

The blocks used in the second series oi tests were steel castings 2

inches thick and the segment was finished to diameters varying from 119

inches to 117 inches. The size of the segment was reduced from a height

of 8.75 inches and a width of 9 inches to a height of 3 inches and a width

of 3 inches. These tests indicate that, for segments having a diameter of

approximately 120 inches, reducing the size of the segmental block from

9 inches by 9 inches to 3 inches by 3 inches has no' appreciable effect upon

the load producing a yield-point stress in the material.

The blocks used in the third series of tests were steel castings 4 inches

thick and the segment was finished to a diameter of 480 inches. For the

first test of the series the segment was 12 inches long and 8.75 inches

high, and the base was 12 inches long and 9 inches high. For subsequent

tests, the length of the segment and the base was 12 inches and the height

of the segment was reduced only in so' far as it became necessary in refinish-

ing the cylindrical surface. The base was reduced in height, successively,

to 9 inches, 5 inches, 3 inches, 2 inches, and 1 inch.

The relation between the height of the base and the minimum load

producing set is presented graphically on Plate A. These tests show that,

for a segment having a diameter of 480 inches, the load that produces set

increases with the height of the base up to a height of approximately 3.5

inches, but further increases in the height have no appreciable effect upon

that load.

10. Summary of Static Tests.—The static tests indicate that the

load per linear inch of segment producing set is affected by various factors,

as follows

:

1. The load that produces set increases as the length of the segment

increases up to a length of approximately 6 inches and then remains constant.

2. The load that produces set increases with the diameter, the relation

between the two varying approximately as the ordinates of a straight line

for diameters ranging from 120 inches to 720 inches.



Iron and Steel Structures 759

Oti 0Z\ OOV 0© 09 Oir OZ



760 Iron and Stee 1 Structures

3. For steel castings the load that produces set depends upon the hard-

ness, increasing rapidly as the Brinell number increases from 105 to 165,

increasing less rapidly as the hardness increases beyond that point and

remaining constant or decreasing with Brinell numbers above approximately

190.

4. Tempering a steel casting of medium grade by heating, quenching,

and drawing increased the Brinell No. from 130 to 173 and doubled the

load that produces set.

5. For segments ranging in diameter from 120 inches to 720 inches,

the load that produces set is not affected by the size of the specimens if

they are six inches in depth or more, but it is afifected if the depth is too

small.

In the opinion of the Committee, the load that produces set under a

static test, determined in the manner described, is a logical factor to be

used in determining the design load for a cast segment or a deep sole plate.

The ratio between the design load and the load that produces set is a

matter of judgment. The tests show that the load producing set varies

as much as 30 per cent, for specimens that are supposed to be alike. More-

over, the load designated as the load that produces set is considerably greater

than the minimum load producing a set that can be detected. These are

arguments for selecting a design load considerably below the load designated

as the load that produces set. But the rolling tests show that for deep

blocks a considerable amount of rolling, 110,000 strokes in one test, at a

load just below the load that produces set failed to cause any deterioration

of the surface that could be detected with a microscope ; and the deteriora-

tion resulting from rolling at a load nearly twice as great as the load that

produces set, developed very slowly and at the end of 27,000 strokes was

not great enough to cause any apprehension of a sudden failure.

Blocks p and q made the poorest showing of any of the medium

grade steel castings. Moreover, they were tested when finished at thick-

nesses of 10 inches, 8 inches, and 6 inches, values comparable with the width

of cast segments used on bascule bridges. In the opinion of the Committee,

the results of the tests of these blocks should be given special weight when

considering* the load to be used in the design of cast segments. The results

of the tests on these blocks are presented by the full-line diagram of

Plates 6, 7, and 8. TwO' expressions for the design load for cast segments

have been considered by the American Railway Engineering Association,

P = 3200 V^ and P — 120 Z), in which P is the allowable load in pounds

per linear inch of segment and D is the diameter in inches. Lines repre-

senting both of these equations are given on Plates 6, 7, and 8. Apparently

the expression P =- 3200 V D gives values that are dangerously high for

segments of small diameter. The expression P = 120 D seems quite con-

servative. The Committee believes that the equation P = 5000 + 110 D,

applicable to diameters ranging from 120 inches tO' 720 inches, gives results

that are perfectly safe, and it recommends this expression for the design

load for rolling bascule bridges having deep segments made of steel castings

of medium grade. It is not applicable, however, to tlie design of a rolling
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bascule bridge having thin sole plates, for the tests show that, for segments

having a diameter of 480 inches, the load producing set is much less for a

shallow base than for a deep one. Moreover, the rolling tests, reported in

Article 13, show that thin plates will fail by longitudinal extension under

continuous rolling at a load considerably less than the load producing set

as determined by static tests on deep blocks. All that can be said at this

time is that, for segments having a diameter of 48 feet to 60 feet and

having sole plates 2 inches to 3 inches thick, a load of 120 D is excessive.

Additional tests, preferably rolling tests, are required to get information

governing the design of sole plates.

(IV) DESCRIPTION OF ROLLING TESTS

11. Description of Apparatus.—Rolling bascule bridges that have

failed in service have failed by the sole plates on the segment and

track rolling out, or gradually getting longer due to the continuous

rolling accompanying the opening and closing of the bridge. A series

of tests was planned to determine whether there is any relation between

the load that produces set under static test and the load that produces

a longitudinal extension under rolling.

The machine used for the rolling tests is shown in Fig. 4. The
members A and B are segments of cylinders, C is a rectangular block and

D is the specimen to be tested. The block C has a rigid extension E that

fits between two rollers F and F. The crank H drives the crosshead G
that pulls the block C back and forth between the segments, thus rolling

the specimen D under a pressure whose magnitude is measured by the

testing machine. The segments had a diameter of 65 inches and a length,

normal to the paper, of 4 inches. The block C and specimen D were flush

with the segment on both the near and far sides. The machine operated

at a speed of about 60 strokes per minute.

12. Tests of Deep Blocks.—In the first series of rolling tests the

block C, Fig. 4, was used as a specimen. This block was a steel casting of

medium grade and its depth was 8 inches. The object of the test was to

check the assumption that if a single application of a given load produced

a small set, a depression in the plane surface or a flattening of the cylindrical

surface, continuous rolling at this load would produce a gradually increas-

ing depression in the plane surface and a progressive flattening of the

cylinder. The change in profile was measured with the profilometer. The
load that produces set as determined by static tests for these segments

and the 8-inch block was 18,300 lb. per linear inch of segment.

The method of making the rolling tests was as follows. Profilometer

readings were taken before the load was applied and again after the speci-

men had been rolled. For loads up to 20,000 lb. per linear inch of seg-

ment, profilometer readings were taken after 1000 strokes and again after

5000 strokes; at loads of 32,500 lb. and 35,000 lb. readings were also taken

after 10,000 strokes. In no case was there an appreciable increase in defor-

mation after the first 1000 strokes, that is, the deformation after 10,000
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strokes at any load was not appreciably greater than after 1000 strokes at

the same load. This was true even though the load was almost twice as

great as the load tiiat produced set as determined by the static test. The

limited number of tests that were made indicated that, although the first

few strokes at a given load produced a deformation, the deformation was

not progressive, that is, it did not increase as rolling continued.

A series of tests was also made on the 8-inch block to determine the

extent to which the continuous rolling affected the surfaces in contact.

The surfaces were examined with a microscope having a magnifying power

of 50 diameters at frequent intervals during the rolling. 27,650 strokes

at a 17,500-lb. load produced no effect upon the surface ; the load was then

increased to 20,000 lb. and the surface was examined after 41,030 strokes,

66,430 strokes, and 104,330 strokes. After 41,030 strokes the surface still

appeared bright and polished to the naked eye but a change in appearance

could be detected with the microscope. The very fine longitudinal tool

marks were not as prominent on the rolled as on the unrolled portion, show-

ing that the rolled surface was beginning to wear. After 66,430 strokes

the surface still appeared bright to the naked eye except in places where

F,g5
Profilomctcr

a brown colored matter, presumably oxide, adhered to the surface. Under

the microscope the fine longitudinal tool marks were almost obliterated and

the surface had a finely pitted or spotted appearance. After 104,330 strokes

the brown or reddish oxide was visible to the naked eye over the entire

rolled area. Under the microscope the surface appeared badly pitted.

In the test just described the formation of oxide and the pitting of the

surface took place at a load slightly greater than the load that produced

set under static test. After the test was complete the surfaces were re-

finished and the rolling test was repeated, this time at a load just below

the load that produced set. In this test, 110,600 strokes at a 16,000-lb. load

produced no deterioration that could be detected with the microscope. The
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load was then, increased to 34,500 lb. and after 27,000 strokes red oxide had

begun to form and pitting had begun tO' take place. In another test

extensive rolling at approximately 35,000 lb. caused scales to be formed on

the surfaces that could be picked up on the point of a knife blade.

These rolling tests were not extensive enough to justify any final

conclusion but they indicate

:

1. That for static tests, a deep block under a load considerably in

excess of the load that produces set, may not cause a progressively increas-

ing depression in the block as rolling continues.

2. That continuous rolling may cause a disintegration of the surface;

the smallest load at which disintegration began during the first one hundred

thousand strokes was approximately the same as the load that produced set

under static test; and the disintegration of the surface was very slow even

at loads greatly in excess of that load.

13. Tests of Thin Plates.—The second series of rolling tests was

planned to determine the relation between the thickness of a sole plate and

the load that, under continuous rolling, would produce progressive elonga-

tion of the plate. The apparatus is shown in Fig. 4. The segments had a

diameter of 65 inches and a length of 4 inches normal to the paper. The

specimen D was a steel casting of medium grade that had been carefully

annealed; it was 4 inches wide, normal to the paper; specimens of various

thicknesses ranging from one-eighth to one and one-half inches were tested.

The method of testing was as follows

:

The longitudinal extension of the plate was measured with a 2-inch

strain gage, the gage lines being on the edges of the plate at about the

middle of the portion that would be rolled. The plate was rolled at

various loads beginning with a load less than the load that would produce

longitudinal extension and increasing by increments until an appreciable

extension was produced. A set of strain gage readings was taken at each

load before any rolling had taken place and, for the same load, at the

end of 500 strokes, 1000 strokes, 2000 strokes, and 3000 strokes. The

load was then increased and the procedure repeated until finally an appre-

ciable elongation had been produced.

The relajtion between the load and the extension of the plate is shown

on Plates 15 to 21 inclusive, the ordinates representing the load and the

abscissae the elongation in 3000 strokes on a 2-inch gage line. All tests

in this series were identical except for the thickness oi the specimen; the

thickness of the specimen had values of .125 inch, .25 inch, .50 inch, .75 inch,

1.00 inch, and 1.50 inch. All specimens were cut from the same casting

and were as near alike as it would be possible to obtain.

For most tests the curve showing the relation between the load and the

elongation in 3000 strokes has a sharp break in it ; loads below the load

corresponding to the break in the curve produced practically no elonga-

tion whereas slightly greater loads produced an appreciable elongation. The
break in the curves of Plates 15 to 21 are designated by a cross. The

break in the curve on Plate 21 is not well defined; the same is true of the
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curve on Plate 15. In the case of the latter curve there are two points,

each designated by a cross, that might be considered as a break. Plate 16

presents the results of a test in every way a duplicate of the one reported

on Plate 15. The break in the latter curve is quite definite.

If the load is greater than the load corresponding to the break in the

curve, continuous rolling will produce a progressive elongation, for this

reason the load corresponding to the break in the curve is the one that

should govern the design of sole plates. It has been designated as the

"load producing a longitudinal extension of the plate."

The relation between the load producing a longitudinal extension of

the plate and the thickness of the specimen is given on Plate 22. The
points on this plate have been located from the break in the curve for the

diagrams of Plate 16 to 21. There are three points for the specimen one-

eighth of an inch thick, one taken from Plate 16 and two from Plate 15.

The minimum load producing a longitudinal extension of the plate increases

rapidly with the thickness of the plate.

14. Summary of Rolling Tests.—The series of rolling tests that

has been described is in the nature of a reconnaissance. It is included

in this report partly as an indication of the experimental wdrk remain-

ing to be done and partly to prevent dangerous design practices from
growing out of the report on the static tests.

These rolling tests show:

1. That the minimum load producing a progressive elongation under

continuous rolling increases rapidly as the thickness of the plate increases.

2. The load producing a progressive elongation under continuous roll-

ing is considerably less for thin plates than the load that produces set as

determined by static tests on deep blocks.

In the opinion of the Committee the design load for a rolling bascule

bridge should be governed by the load producing set under static test or the

load producing longitudinal extension under continuous rolling, whichever

is the smaller. The former has been determined for steel castings of

medium grade, the latter remains to be determined.
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Appendix D

RAILWAY BOARD OF INDIA

FIRST AND SECOND INTERIM REPORTS OF THE BRIDGE
SUB-COMMITTEE, 1925, ON "IMPACT" AND "REVISION

OF THE BRIDGE RULES"

With Connected Papers and Proposed Bridge Rules for 5'-6" Gage

Railways

Abstract for the Iron and Steel Structures Committee of the American

Railway Engineering Association

Abstract by Dean F. E. Turneaure for Committee XV
This publication contains reports of the Bridge Sub-Committee on the

subjects noted in the title, together with comments of the Director of Civil

Engineering of the Railway Board and of certain Consulting Engineers

relative to the various matters involved. The scope of the work is indi-

cated by the questions referred to the Sub-Committee by the Railway

Board, which were briefly as follows

:

(1) The object of the inquiry is to ascertain in what way and to

what extent the cost of steel railway bridges can be reduced.

(2) What general formula for impact shall be adopted in the future?

(3) Do you recommend a rapidly increasing impact factor for short

spans ?

(4) Do you recommend the use of high tension steel for the con-

struction of medium and long span bridges?

(5) Other questions relate to proportion of depth tO' span length;

distance apart of trusses ; rules for balancing locomotives

;

impact factors for balanced locomotives ; alteration in the per-

missible stresses in steel ; and other changes in the rules.

The report on impact is of especial interest, but a number of items

in the proposed rules or specifications are also of particular interest at the

time, and will be noted.

The conception of what is meant by impact, as used in the report, is

identical with that as understood by the American Railway Engineering

Association Committee. It is pointed out that impact can be measured

either by deflection of the bridge as a whole, or by strain measurements
in members, but the difficulties of getting reliable results by the second

method are great, and it is concluded that very few tests with stress

recorders can be used with any confidence. "On the other hand, records

of deflection of the span are not liable to these errors. They are remark-

ably consistent, and may be taken fairly to represent the average impact

effect in all the members of the span. For this reason, the present investi-

gation has been confined practically to the determining of the correct im-

pact allowance from deflection tests only. To meet the views of those who
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hold that stress tests must be considered, a number of selected cases have

been examined, where it was considered that the precautions necessary for

arriving at the average stress in the member had been taken. The con-

clusion arrived at is that impact determined from stress tests is generally

liigher than that determined from deflection tests by about 10 per cent."

The causes of impact are given as : ( 1 ) "A periodic vertical force

on the bridge caused by the engine and synchronous with the revolutions

of the driving axles. It seems to be fairly represented by the resultant

of the centrifugal forces due to the counterweights which are used to bal-

ance the reciprocating parts. The resultant centrifugal force is called for

convenience hereafter the 'hammer-blow.' (2) Rolling Load Effect. (3)

Irregularities of Track, Flats or Wheels, etc." With respect to (2) and

(3), the Committee concludes that, while very little evidence was avail-

able, there was no indication of any important effect due to (2), and that

except in the case of rail bearers, there was no evidence of special impact

from (3) over and above the engine effects. The main part of the dis-

cussion is centered upon the cumulative effect of unbalanced locomotive

counterweights, or the hammer-blow.

It is pointed out and illustrated by several diagrams that tlie maximum
impact or vibration is caused when the speed of the train, expressed in

revolutions per second of the locomotive drivers, agrees with the natural

frequency of vibration of the loaded span. A formula is given for the

natural frequency of vibration of the loaded bridge, which is the same as

that derived in Bulletin 125, American Railway Engineering Association

(Proceedings 1911, Part 3, p. 54.) The formula is

1

no = V (w + p)d

y
where

»o = natural frequency of vibration of the loaded girders

ty = dead load per foot run of the span assumed to be uniform

p = equivalent live load per foot run of the train on the span at the

position giving maximum bending moment
d = static deflection in feet corresponding to the load />.

The practical accuracy of this formula has been verified by the Com-
mittee from a study of the Indian Railway tests, and a table is given

comparing the calculated with the observed critical frequency. The agree-

ment is very close.

A theoretical impact formula is then developed on the following assump-

tions :

(1) That the speed of the train as expressed in revolutions per second of

the drivers corresponds with the natural vibration frequency of the

loaded bridge

:

(2) That the additional pressure or impulse at each revolution is equal

to the "hammer-blow," calculated as the centrifugal force of the un-

balanced rotating parts of the locomotive drivers, the resultant of
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the unbalanced parts on the two sides of the locomotive being obtained

by multiplying the eflfect on one side by V 2 (the counterweights

being 90 degrees apart in position).

(3) That "if there are N revolutions of the drivers in crossing the bridge,

there are a total of 2N impulses, counting both upward and down-

ward as being cumulatively effective. The effect, however, of any

particular impulse in producing central deflection depends on its

position (i.e. the locomotive's position) on the span. The effect will

be quite small at the commencement, increase to a maximum at the

center of span, and then die away again. It may be taken as an

approximation that the mean effect is equal to half, the maximum.

(Theoretically, the mean is greater than one-half, but making allow-

ance for damping, the factor of one-half is closely representative of

the actual). Hence the total increase of central deflection due to

2N impulses is the same as that due tO' A^ impulses at the center of

the span. "N" is the total number of revolutions in crossing the

bridge, but as previously pointed out, we are only interested in the

number of revolutions up tO' the point of maximum' deflection. From
an examination of the diagrams of the Indian Railway Bridge Com-

mittee and the American tests, it is apparent that on the average,

the maximum deflection occurs when the engine has traversed about

two-thirds of the span. Hence the number of cumulative impulses

may be taken as 2/3 of "N." Then assuming the increase in de-

flection for each impulse to be the same as that due to a static load

equal to the centrifugal force applied at the center of a beam, the

total additional deflection is computed. Dividing this by the static

deflection due to the distributed live load p given by an approximate

formula, d = , the impact percentage for the critical speed is

64 E I

found tO' be

1050P>
Impact percentage = -^^^ j^ p^ ^ ^

where

Pi = "hammer-blow" at one revulution per second in tons

TV = dead-load in tons per foot run

p = live-load in tons per foot run

c = circumference of locomotive drivers in feet

(f = static deflection in inches (due tO' live load)

On the assumption of 2/3 A'' cumulative impulses, the equation for deflec-

tion derived in Bulletin 125, page 47, Proceedings 1911, part 3, p. 56

gives the formula when expressed in the above terms

:

1256Pi
Impact percentage =:-(^_j_^^ ^ ^

"The formula obtained above contains all the most important variables

which affect impact due to engine synchronism, and is believed to represent

the true average of that effect realized in practice.
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The formula shows that the impact effect on any bridge varies,

(1) directly as the hammer-blow of the engine at one revolution per

second,

(2) inversely as the circumference of the locomotive drivers,

(3) inversely as the total unit loading (dead load plus live load per foot

run) on the bridge,

(4) inversely as the static deflection of the girders in any particular case.

The length L of the span is generally considered to be a necessary in-

gredient of an impact formula. Although it actually does not occur in this

formula, it is virtually present because it is a function of d.

Factors (1), (2), and (3) are fairly straightforward. Factor (4)

shows that the greater the static deflection on any particular span, under

a given load, the less the impact. At first sight this may appear a rather

startling statement, but its explanation lies in the fact that the greater the

static deflection, the slower the rate of vibration of the span."

This theoretical formula is then tested by applying it to a number of

results of tests of the Indian Railway Bridge Committee, the calculated

results being usually higher than recorded, excepting in the case of the

two largest spans. The agreement is not so close in comparing with the

American Railway Engineering Association tests.

, Below are given a number of these comparative results taken from a

larger table of the Report.
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For double-headed trains and spans over 120 feet long, it is assumed

that the effect may be doubled, and likewise for two tracks. The Com-

mittee therefore proposes for the calculation of impact on existing bridges

the general formula for all spans of 120 feet and over, and for all single

track spans n = 1,

n 1050 P,
I (%) -(^_|_^) c d

in which

n = 1, for one track and one locomotive

2, for one track and two locomotives

2, for two tracks and for two or more locomotives.

For single and double tracks spans below 120 feet, where n = 2

n 1050 Pi ,, ,

span— 30,
^ (^^) =(w + p) cd (1

-^
90

)

In no case is the impact to exceed 100 per cent.

For purposes of designing new bridges, the Committee proceeds, on

the basis of the foregoing general formula, to develop a more general

formula in terms of span length. For this purpose, the Committee assumes

values as follows

:

Pi = .604 ; (w + p) =3.0; d= X span length.

2000 ,

2370
This gives for single-headed trains I (%) = , and for double-headed

L
4740

trains (L— 120 feet or more), / (%) = . Finally, a general "cover-

L
ing curve" to provide for double-headed trains on any span length is

selected, and is

^ ~ 45 n + L
where / = impact factor

n = number of tracks supported on two main girders

L = loaded length of span for maximum stress.

The impact factor is to be taken at 1.00 for spans up to 20 feet.

The Committee gave considerable attention to the question of limiting

the "hammer-blow" in the design of locomotives, and correspondence with

the Locomotive Standards Committee resulted in the statement from the

latter that "the Committee agreed that the out-of-balance weight of new

Mr
standard engines can and will in future be kept within the limit of =

c

830 " (M = total out-of-balance weight on one side of the locomotive

calculated at crank-pin center, r = radius of crank pin, and c = circumfer-

ence of driver.)

Some of the most interesting paragraphs of the bridge rules as pro-

posed by the Committee are here given. The proposed rules are much

more complete than the existing rules, and correspond in detail very closely

with American bridge specifications.
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"Deformation Stresses.—A Deformation Stress is defined as the

bending" stress in any member caused by the vertical deflection of the girder

combined with rigidity of the joints. No other stresses are included in

this definition.

Bridges shall be designed so as to avoid redundant members and to

minimize deformation stresses as far as possible. In well designed girders,

deformation stresses need not be calculated, as they tend to relieve them-

selves if they are excessive, and are not cumulative in their effects. It

must be remembered, however, that deformation stresses are always accom-

panied by bending moment stresses in the joints, and these must be allowed

for when considering the group of rivets connecting the member to the

gusset."

(These deformation stresses are generally called secondary stresses in

American usage).

"Longitudinal Forces.—The Braking- Force applied at the rail is to

be taken as one-seventh of the load of the braked axles."

"Working Stresses in Structural Steel.—Except as hereinbefore

modified, structures shall be so designed that the calculated working stresses

in structural steel of the "A" quality specified in Clause I, Part I, of the

B. S. Specification No. 153 of 1922 shall not exceed the following:

"For Parts in Tension

:

On the net section for axial stress, 8 tons (17,920 lb.) per

square inch

For Parts in Compression

On the gross section of the compression flanges of plate girders

and I beams with outside edges stiffened with angles or

channels,

/ /

8 (1 — 0.0075—) tons, 17,920—134.4— lb., per square inch
b b

I

Do do with unstiffened edges, 8(1 — 0.01 —

)

b

I

tons, 17,920— 179.2— lb., per square inch

b
where / = greatest unsupported length, as defined in Rule 10, and b = the

breadth of the flange, provided that the gross area of the compression

flange shall be not less than the gross area of the tension flange.

"On the gross section of compression members of truss and lattice

/

girders with riveted connections for axial stress, 8 (1 — 0.0033—) tons,

r
r

17,920— 59.7 — lb. per square inch. On the gross section of compression
/

members of triiss and lattice girders with pin connections for axial stress,

/ /

8 (1—0.005—) tons, 17,920— 89.6— lb., per sq. in. where / = greatest

r r

length of the unbraced portion of the member and r = the least radius of
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gyration, provided that, in truss and lattice girders, the working compres-

sive stress on the gross section shall in no case exceed 6.8 tons (15,232 lb.)

per square inch."

"Rollers.—The pressure in tons per lineal inch on rollers of rolled

steel shall not exceed 0.25d (560 d lb.) where d is the diameter of the roller

in inches, but no roller shall be less in diameter than 4 inches."

"Compression Members.—In no case shall a compression member have

a greater length than one hundred and twenty times its least radius of

gyration, or forty-five times its least width. The open sides of long com-

pression members shall be stayed with intermediate tie plates or latticing."

"Where the component parts of a member are laced together to form

I

a unit, the ratio — for any component part between the connections of the

r

latticing shall be appreciably less than tliis ratio for the member as a

whole."

"Latticing.—The latticing of compression members shall be propor-

tioned to resist a transverse shear at any point in the length of the member

equal to at least 2^4 per cent, of the axial stress in the member, which

shear shall be considered as divided equally among all transverse stiffening

systems in parallel planes whether of continuous plates or of latticing."

"If it is proposed to introduce a new type of engine or other rolling

stock, and it is found that the proposed rolling-stock will cause in existing

bridges stresses exceeding the limits laid down in these rules, the Inspector

shall refer the matter to the Railway Board, with his recommendations on

the subject, before the engines or other rolling-stock are ordered."

Answers to some of the other questions referred to the Committee and

stated at the beginning are as follows

:

No. 4. Use of High Tension Steel

"The question of adopting high tensile steel for medium and long span

bridges may have an economic basis, but it is doubtful whether its use is

justified for spans not exceeding 350 feet. At present high tensile steel is

considerably more costly than ordinary commercial mild steel. It is under-

stood that a, high tensile steel has been produced and adopted in Germany

quite recently, and it would be advisable that its development should be

watched."

No. 10. Alteration in Permissible Unit Stresses.

"The question of working stresses is one to be determined in relation

to the quality of steel specified. It is a broad issue, and the Committee

does not see its way to make a definite recommendation excepting in the

particular case of rivet bearing stresses. The Committee find that, for old

girders left in the road without speed restriction or strengthened and used

in other place, there is evidence to show that the permissible bearing stress

in the rivets connecting the flange angles to the web of plate girders may be

safely taken as 18.0 tons (40,300 lb.) per square inch if calculated by the
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B.E.S.A. formula corrected for the local effect of the wheel load on the

flange."

Comments with Reference to American Practice

It will be noted that the discussion and formulas are based on

deflection tests, rather than on strain gage readings. In the report of

the A.R.E.A. impact committee (Proceedings 1911, part 3, page 282),

the deflection results are given separately, and the formula

loo'

(%) 1 +
20,000

100

proposed. This was later increased to / % = L" , the present

i+
30,000

American Railway Engineering Association formula, to take account of

excess of stress variation over deflection variation. This gives considerably

larger values than the formula proposed in the report, as shown in the

following table.

Impact per cent
Indian Bridge A.R.E.A.

Loaded Length Sub-Committee Fortnula
25 93 98
50 68 92
75 54 84
100 45 75
125 38 65
150 33 57
175 30 50
200 27 43
250 22 32
300 19 25
350 17 19

One reason for this difference is the fact already mentioned regarding

deflection as compared to strain records ; but another reason is in the smaller

"hammer-blow" or out-of-balance estimates of the Indian locomotives, and

the restriction proposed regarding this matter. The proposed limit of the

Mr Gr
value of is 830. This may be compared to the values of (the same

c c

identical quantity) given in the next to the last column of Table 8, Proceed-

ings 1911, Part 3, page 136, called the "Locomotive Coefficient." Here there

are many values above 1000, and several from 1200 to 1400.
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Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

(1) Revision of the Manual (Appendix A).

(2) Continue the study of economics of railway location as afifected

by the introduction of electric locomotives (Appendix B).

(3) Continue the study O'f the relative merits of a 0.4 per cent ruling

grade as compared with a 0.3 per cent grade (Appendix C).

(4) Continue study of the relative merits of increasing tonnage by

the reduction of ruling grades, or by the introduction of more powerful

locomotives, including the consideration of momentum grades and the avail-

ability of the locomotive booster (Appendix D).

Action Recommended

1. That the recommended changes in the Manual be adopted.

2. That the data in Appendix B be received as information.

3. That the pwogress report of Sub-Committee (Appendix C) be re-

ceived as information.

4. That the progress report of Sub-Committee (Appendix D) be re-

ceived as information.

Recommendations for Future Work

1. Revision of the Manual.

2. Continue the study of economics of railway location as afifected by

the introduction of electric locomotives, conferring with Committee XVHI

—

Electricity.

3. Continue study on the relative merits of a 0.4 per cent ruling grade

as compared with a 0.3 per cent grade.

Bulletin 294, Fehru.iry, 1927.
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4. Continue study of the relative merits of increasing tonnage by the

reduction of ruling grades or by the introduction of more powerful loco-

motives, including the consideration of momentum grades and the availability

of the locomotive booster.

5. Continue study of locomotive tractive forces, giving special atten-

tion tO' oil burning locomotives, collaborating with the appropriate Com-
mittee oi Division V—Mechanical, American Railway Association.

6. Outline of work for ensuing year.

Respectfully submitted,

The Committee on Economics of Railway Location,

F. R. Layng, Chairman.

Appendix A

(1) REVISION OF MANUAL

H. C. Searls, Chairman, Sub-Committee ; F. L. Batchelder, W. L. R. Haines,

F. R. Layng, C. L. Persons, I. L. Pyle.

The following changes are recommended

:

Page 800—Paragraph (3)

R—

E

In the formula, = p, the definition of (p) was omitted in the

C
second revision as given in Bulletin 257. It is recommended that the defini-

tion in Bulletin 252, viz : "Percentage of Income on Investment," be added

to the revision as set forth in Bulletin 257.

Page 801—Paragraph (6)

Present reading: "(6) The engine district should be sufficiently long

to obviate constructive mileage and short enough to enable the maximum
slow freight train to make the run within the hours of service required."

In view of the growing practice of extending engine runs over two or

more service districts, it is recommended that the following sentence be

added

:

"Consideration should be given to the extension of engine runs over

two or more service districts and provision should be made therefor in the

determination of engine service limits."

Page 801—Paragraph (9)—Sub-Paragraph (a)

Present reading: "The necessity and cost of breaking up trains where

the rate of ruling grade and adjoining districts varies."

Proposed reading : "The necessity and cost of breaking up trains

where the rate of ruling grade on adjoining districts varies."

Page 801—Paragraph (9)—Sub-Paragraph (h)

It is recommended that sub-paragraph (h) be added reading as follows:

"(h) The possibility oi extending engine runs over two or more serv-

ice districts."
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Page 804—Paragraph (14)

Present reading : "Distance affects train wages, line resistance, main-

tenance of way and maintenance of equipment. The effect of distance on

line resistance will be found in the fuel account. The effect of distance

on train wages can be computed on a direct train mile basis."

Proposed reading : "Distance affects train wages, line resistance, main-

tenance of way and maintenance of equipment. The effect of distance on

line resistance will be found in the fuel account. The effect of distance on

train wages can be computed on a direct train mile basis except where

arbitrary mileage allowances for a day's run are made."

Page 808—Table 2 (a)

It is recommended that the following data be added.

Diameter of
Cylinder in Inches

Weight of Steam per Foot of Stroke for Various Gage Pressures

160-lb.
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Appendix B

(2) ECONOMICS OF RAILWAY LOCATION AS AFFECTED
BY THE INTRODUCTION OF ELECTRIC LOCO-

MOTIVES

The data in this Appendix was prepared by F. E. Wynne, a member

of this Committee, and is submitted as information.

SOME CONSIDERATIONS FOR ELECTRIFICATION STUDIES

By F. E. Wynne, Manager Railway Equipment, Engineering Department,

Westinghoxjse Electric Company

In connection with the work of Sub-Committee No. 3 of Committee

XVI, the following comments pertain to four of the considered subjects

as indicated.

(1) Conditions under which electric operation may be considered as

economically on a par with modern steam operation for gen-

eral service

The features of electric operation usually considered as being favorable

to the electrification of switching service are the possible reduction in engine

crew expense, the elimination of facilities for fuel and water and of the time

required to take them, reduction in maintenance cost, increased availability

for service, a large reduction in standby losses, and elimination of smoke

and gases in cities.

In tunnel operations, the principal benefits resulting from electrifica-

tion lie in reduced hazard of operation, decreased maintenance of both

motive power and tunnel lining, reduced cost of ventilation, and increased

tunnel capacity through the ability to operate trains more frequently.

Heavy grades often form the "bottle-neck" of a railroad and the opera-

tion of such grades electrically gives a highly profitable increase in track

capacity, principally through the use of larger trains or higher speed, or

both. Economies may be expected in cost of fuel and water, engine crew

expense, maintenance, and non-revenue movements of fuel.

A railroad profits from suburban electrification principally because of

those features of the service which build up passenger traffic, accelerate

the development of the territory served, and increase the value of property.

Such features are greater cleanliness, faster schedules, more frequent trains,

improved reliability, reduction of non-revenue movements in stub-end

terminals, and making air rights available for building purposes.

Every case of proposed electrification must be analyzed and decided

on its merits, because the large number of variables comprised in railway

operation makes it impossible to generalize with safety. The conditions

most favorable to electrification are dense traffic, expensive fuel, bad or

costly water, cheap power, prohibitive expense required for additional track-

age or relocation, heavy grades, long tunnels and stub-end terminals. In



Economics of Railway Location 789

making a study of electrification, certain operating costs are subject to

rather exact predetermination, because the performance of electric motive

power can be calculated accurately and is not seriously affected by oper-

ating conditions beyond the control of the designer. Cost of power, crew

expense, reduction of facilities for fueling and watering, reduction or

elimination of the non-revenue movement of fuel and water, and value of

air rights released come in this category. Also savings in maintenance with

adequate shop facilities may be predicted within reasonable limits. The

full economic value of greater reliability, elimination of smoke and gases,

reduction of delays, higher schedules, more frequent trains, elimination of

forest fire hazards and such possibilities of electric operation are difficult to

evaluate and must be based on judgment rather than on calculation.

(2) Data on operating characteristics of common types of electric

locomotives that may be necessary in computing the economic

value of a line to be electrically operated

The ease with which the design of the electric motor may be adapted

to meet the specific requirements of a particular service has resulted in

numerous types of electric motive power with varied characteristics. The
figures show performance curves for several typical locomotives and cars.

In general for switching and freight locomotives, the starting tractive

effort is limited only by the weight on the drivers and may be maintained

up to from 5 m.p.h. to 25 m.p.h., depending on the individual design. High

speed passenger locomotives may have the starting effort limited by the

electrical equipment. A characteristic of electrical machinery is its ability

to carry heavy overloads for short periods such as occur when starting a

train or on short grades. Consequently while electric locomotives develop

their maximum output in both tractive effort and horsepower during start-

ing, they are rated at considerably lower values and their application must

be made with full knowledge of the service conditions.

The most common form of traction motor is of the variable speed

series type, capable of developing high starting tractive effort and with its

speed increasing as the tractive effort demand decreases. On certain heavy

grade electrifications, constant speed motors have been applied with admir-

able results, uniform train speed being maintained regardless of profile and

alinement. With either of these simple types the rated output of the

locomotive is developed at only a few speeds at most. Within the past

three years there has been developed and placed in service the motor-

generator type of locomotive which develops its rated output over a fairly

wide speed range.

Where long heavy grades are encountered, regenerative braking is pro-

vided on electric locomotives. In addition to affording the maximum degree

of safety for down grade operation, this feature produces definite economy
by reducing wear and tear on equipment and decreasing the amount of

electric energy used.
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(3) General cost data that would enable an engineer to approximate

the cost of electrification for the purpose of comparing eco-

nomic vjdues

Assuming that high tension power will be delivered at one or more

points on the railroad right-of-way, the initial expenditure for electrification

will include transmission line along the right-of-way, substations, overhead

construction, track bonding, locomotives and/or motor cars. Major elements

affecting these costs are the voltage and kind of power supply, the kind of

substations, the electric system to be employed on the overhead, the char-

acter of overhead construction, track arrangement, traffic density, and size

and design of motive power units. The wide variety existing in" each of

these elements and the numerous possible combinations of these varieties

make it impractical to indicate much more than the limits of costs which

may be encountered. At present the following may be used as estimating

figures.

Installation Costs

Transmission Line Cost per Mile

66,000 volt, 3 phase, 2 circuit, steel tower $10,000 to $12,000

110,000 volt, 3 phase, 2 circuit, steel tower 18,000 to 20,000

132,000 volt, 3 phase, 2 circuit, steel tower 20,000 to 24,000

13,000 volt, 3 phase, single circuit, wood pole 1,750 to 2,000

22,000 volt, 3 phase, single circuit, wood pole 2,000 to 2,500

33,000 volt, 3 phase, single circuit, wood pole 2,300 to 2,800

66,000 volt, 3 phase, single circuit, wood pole 5,000 to 6,000

If these latter lines are placed on the trolley supports, the cost may be

from 10 to 20 per cent less than that shown for wood pole construction.

Substations

A.C. to 1500 V. D.C.—500 to 2000 Kw.
13,200 volts—automatic control $41 to $67 per Kw.
22,000 volts—automatic control 42 to 69 per Kw.
33,000 volts—automatic control 43 to 72 per Kw.

A.C. to 3000 V. D.C.

2,000 to 3,000 Kw $45 to $55 per Kw.
Transformer—A.C. to A.C.

$ 8 to $15 per Kva.

Frequency Changing

60 cycle, 3 phase to 25 cycle, single phase $30 to $45 per Kva.

Overhead Trolley Construction Cost per Track-Mile

Wood poles $3,000 to $ 4,000

Steel poles and cross catenary 7,000 to 12,000

Steel bridges 8,000 to 16,000
Yards 5,000 to 11,000

For feeders use the cost of the wire plus 4 cent per pound for erection.

Bonding—track rails $300 to $600 per track-mile

Suburban Cars*
D.C. motor cars $30,000 to $50,000
A.C. motor cars 40,000 to 65,000
Trailers 20,000 to 35,000

*See the Annual Statistical Numbers of the Railway Age.
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Locomotives
Cents per Pound

Direct current types 40 to 50
Alternating current types 40 to 55

Operating Costs

To arrive at the relative costs of operating a railroad by steam and
electric power, a preliminary approximation may be gotten by estimating

the following items, using the steam operating cost as a base.

Fuel anij Water.—Deduct the total cost of these materials, including

the cost of transporting the fuel (and water when hauled) over company
tracks and the maintenance and operation of fueling stations and water
lines, towers, and treating plants.

Electric Energy.—Calculate the total energy required from the trans-

mission line, using the following estimating figures

:

Through Freight—25 to 40 Kw.-Hr. per 1000 ton-miles, excluding locomo-
tive weight.

Through Passenger—45 to 65 Kw.-Hr. per 1000 ton-miles, excluding locomo-
tive weight.

Suburban Passenger—70 to 125 Kw.-Hr. per 1000 ton-miles.

Switching—Kw.-Hr. = (Locomotive weight in tons) X (hours in service).

The average cost of this electric power may be taken at 1 cent per Kw.-Hr.

Locomotive Maintenance.—The cost of maintaining electric locomo-
tives, including back shop and running repairs and engine house expenses,
may be taken at from one-third to one-half of the total of the corresponding
items for steam locomotives for the same amount of work performed. The
smaller saving will be obtained where the steam locomotives are modern
and service conditions easy.

Car Maintenance.—In hea\y suburban service, the inspection and
maintenance costs for cars in multiple unit trains will usually fall within the
following limits

:

Cents per Car-Mile
Motor cars with four motors 6.0 to 9.0

Motor cars with two motors 4.5 to 7.0

Trailer cars 3.0 to 5.0

Crew Expense.—Ordinarily in any projected electrification, it is planned
to take advantage of the possible concentration of power under the control
of one engineman for the operation of larger trains at higher speeds with a
resulting reduction in expense for both engine and train crews. Electric
operation affords an opportunity to realize more ton-miles per engine-hour
and per train-hour. The reduction in crew expense may be anywhere from
20 to 50 per cent. As this is one of the major economies of electric opera-
tion, an approximate analysis of the possibilities should be made even in

the preliminary study of electrification.

Substation Maintenance and Operation.—The annual cost of main-
taining and operating substations may be estimated from the following

:

A.C. to D.C $1.25 to $1.80 per Kw.
A.C. to A.C.—Frequency Changer 1.00 to 1.50 per Kva.
A.C. to A.C—Transformer 0.20 to 0.40 per Kva.

Overhead Trolley Maintenance.—This operating cost, including
maintenance of track bonding, depends largely on the type of construction
and the traffic density. Heavy traffic interferes with making repairs and
increases the cost thereof. Simple overhead where traffic is light may
be maintained for $100 per mile annually. Complicated overhead where
traffic is very dense may cost $500 per mile per year.

Transmission Line Maintenance.—This cost also varies widely with
the type of construction, number of circuits, voltage, etc. It may be esti-

mated at from $10 to $50 per year per mile of transmission wire.
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From the foregoing it appears that even in a preliminary economic

study of electrification it is necessary to make some analysis of present

operating conditions and their possible modification with electric motive

power ; to choose tentatively the system of electrification, a type and size

of motive power unit, a type of overhead construction, the number and

capacity of substations, and the kind of transmission line ; to approximate

the energy requirements ; and then to apply the costs with discretion.

(4) Tractive Power per Pound of Weight of Different Types

The extreme flexibility of the electric motor in its adaptation to a

specific duty through variations in design, mounting and method of connec-

tion to the locomotive driving wheels has tended tO' prevent standardization

and resulted in extreme variations in tractive effort per unit weight. For

example, a certain type has been found suitable for both moderate speed

freight and high speed passenger service. However, in the twO' classes of

service different gear ratios are used between the motors and driving axles,

with the result that the tractive effort per pound of weight is much higher

with a freight unit than with a passenger unit. An analysis of a large

number of electric locomotives built to date indicates the following limits

:

Pounds Tractive Effort per Pound Total Locomotive Weight

Maximum or Starting 0.136 tO' 0.333

Rated 0.036 to 0.234

Pounds Tractive Effort per Pound Locomotive Weight on Drivers

Maximum or Starting 0.204 to 0.333

Rated 0.048 to 0.308

Where the maximum tractive effort per pound O'f total locomotive

weight is 0.333, all weight is on the drivers and the only limit is in the

adhesion which may be secured between the drivers and the rail. Where this

maximum is less than 0.333, the locomotive has idle axles or is a high

speed unit with a tractive effort limit in the electrical equipment, or it

may be subject tO' both of these limitations. The higher values of rated

tractive effort are secured on switching, freight and moderate speed passen-

ger locomotives while the lower rated tractive efforts occur principally on

high speed passenger types.

The foilo'wing sixteen (16) diagrams give graphically certain data in

regard tO' several types of passenger, freight and switching locomotives

and multiple unit cars.
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Appendix C

(2) THE RELATIVE MERITS OF A 0.4 PER CENT RULING
GRADE AS COMPARED WITH A 0.3 PER CENT GRADE

C. L. Persons, Chairman, Sub-Committee; H. Fernstrom, L. G. Harris,

F. R. Layng, Roscoe Owen, F. M. Patterson, L. O. Sloggett.

In considering the deduction of grades it must be borne in mind at all

times that this is a question of economics and that all the conditions peculiar

to each operating division on which a study is to be made must be taken

into account. As a broad assumption it may be stated that while a 0.4

per cent ruling grade is good, a 0.3 per cent grade is better and a 0.2 per

cent grade is better still, provided there be the traffic to justify the cost of

securing it. James J. Hill, who had the vision to foresee the future of the

.\merican railway and the courage to act accordingly, was wont to say

that the railroads bought train miles and sold ton-miles, and that the prob-

lem was to produce the greatest number of ton-miles per train mile, giving

due consideration to costs and revenues. In recent years added importance

is given to ton miles per hour as a means of increasing the capacity of

our railroads just as the capacity of a water main is increased by accelerat-

ing the rate of flow of the water, and for this reason the securing of the

lowest rate of grade that the traffic will justify has become of increasing

importance on lines with heavy traffic. A brilliant Confederate cavalry

leader is said to have attributed his success to his ability to "git thar fustest

with the mostest men" and in these days the railroad than can "git thar

fustest with the mostest cars," again giving due consideration to cost, is in

a position to be envied.

The studies made by J. B. Berry, formerly Chief Engineer of the Union

Pacific, have been of great value to all who have had to deal with grade

reduction, yet one must accept with caution his statement on page 699, Vol-

ume 5, of the Proceedings of the A.R.E.A., that "No advantage, except a

reduction of time, would be gained by reducing grades below 0.4 per cent,

as the starting resistance of trains on the level would limit the weight of

the train." The improvements in car trucks and bearings and the generally

higher standard of track maintenance have undoubtedly been factors in

modifying the applicability of this statement, for at the present time the

performance of trains on grades of 0.3 per cent or less seems definitely

to contrcrvert it, even where boosters are not used. While there may be a

limit below which it is not economical to reduce grades on account of

starting resistance and because of the difficulties incident to proper drainage,

the general opinion, based perhaps more on observation than on actual tests,

seems to be that 0.2 per cent is that limit. The increasing use of the

locomotive booster and the possible use of roller bearings for freight cars

are developments that may exert profound changes in the studies for

grade reduction. The use of stokers or of oil fuel have also modified the

former limits for long grades by eliminating the element of human fatigue.
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The resistance of a train in motion on a grade is made up of the

rolling resistance of the cars plus the resistance due to the grade, and the

tonnage rating or hauling capacity for any given tractive force on any

given grade may be computed by a simple mathematical calculation. As a

ready aid in comparing the effects of different grades on hauling capacity,

S. S. Roberts, when he was engineer of the Southern region of the United

States Railroad Administration, prepared a table showing the relative num-

ber of trains required for different gradients ranging from level to 3.0 per

cent, which was published in the Railway Age of April 11, 1919, in an

article entitled, "Increasing Train Loads by Reducing Grades." The table

is worked out an the basis of a U. S. standard Mikado locomotive of 54,000

lb. tractive force, but the variables in the computations are so negligible

that for the purpose of comparison the results would be applicable to locomo-

tives of any tractive force (See Exhibit A).

From this table it is seen at once that a 0.3 per cent grade will require

1.2 trains to haul the tonnage that can be handled in one train on a 0.2

grade, while a 0.4 per cent grade will require 1.425 trains as compared with

the train on the 0.2 grade. Having then the number of trains required

to haul given tonnages at given speeds the amount that may be spent to

reduce the ruling grades may be arrived at.

The objection has been made that the benefits to be gained by a reduc-^

tion of the ruling grade are often rendered nugatory on account of the

ificreased train load slowing up the movement over the other parts of the

road. The present tendency is to speed up the movement of freight trains

and there are unquestionably many places where grade reductions made on

the basis of drag tonnage trains are not giving satisfactory results under

the changed conditions that prevail at the present time. The average speed

of the trains over the road is one of the factors to which weight must be

given in any grade reduction study, and if proper consideration be given

to this element there need be no misgivings as to results.

This was taken into consideration in a relocation 17 miles long to

reduce grades on the Burlington near Beardstown, Illinois, on a line whose

traffic consists largely of coal from the southern Illinois fields. This line

from Herrin to Galesburg, a distance oi 261 miles, has no grades northbound

heavier than 0.3 per cent. The new line, which has a continuous ascending

grade to the north, was built to a gradient of 0'.25 to eliminate the delay

that a grade of 0.3 per cent would entail to tonnage trains and the results

have been all that were expected. When it is considered that the passenger

traffic and fast freight traffic on this line is almost negligible, the importance

of similar treatment on lines having a considerable proportion of fast traffic

will be recognized. There will surely be no' controversy over the statement

that a train of any tonnage can run faster on a light grade than it can on a

heavy one.

As has been said, the amount that a road can afford to spend for grade

reduction must be based upon a consideration of all conditions to be met

on any given project. According to a study made by C. A. Morse, Chief

Engineer of the Chicago, Rock Island & Pacific, and referred to in a paper

presented by him before the Western Society of Engineers on January 18,
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1926, an expenditure of $950,000 was justified for each 0.1 per cent reduc-

tion in the ruling grade for a line handling about 14,000 tons of freight

each way and a similar value was arrived at in an independent study for

grade reduction on the Santa Fe. It is interesting to note that Clement C.

Williams in his "Design of Railway Location" (1917) and the late Wm. G.

Raymond in his "Railroad Engineering" (1917) give similar, but somewhat

higher, figures for the capitalized saving for each 0.1 per cent reduction in

the ruling grade.

Appendix D

(3) RELATIVE MERITS OF INCREASING TONNAGE BY
THE REDUCTION OF RULING GRADES, OR BY THE IN-

TRODUCTION OF MORE POWERFUL LOCOMOTIVES,
INCLUDING CONSIDERATION OF MOMENTUM GRADES
AND THE AVAILABILITY OF THE LOCOMOTIVE
BOOSTER

W. L. R. Haines, Chairman, Sub-Committee
; J. L. Campbell, C. P. Howard,

E. E. King, Frank Lee, A. K. ShurtlefT, L. O. Sloggett, F. M. Patterson,

A. R. Raymer, M. A. Zook.

It is impossible to formulate any general rule, which will aflford a com-

parison of the relative merits of the above methods of increasing tonnage.

It is almost axiomatic that no two problems involving such a comparison

would be in all respects the same, and any variation in the elements of the

problem would produce a difference in the result. It should be the aim of

the engineer to carefully analyze each problem presented, determining in

each case the final effect on net operating revenues.

The purpose of this report is to call attention to some of the factors

which must be considered, and to the methods that may be followed, in

making such an analysis.

Among the factors which must be given consideration are

:

1. Initial expenditure required.

(a) for grade reduction

;

(b) for the installation of "boosters" or for the purchase

of heavier power, taking into consideration the normal

expenditures for the renewal of power in kind.

Consideration must also be given to the fact that heavier power fre-

quently necessitates the strengthening of bridges, enlarging of tunnels and

revisions at points where clearances are close, the installation of longer

turntables, rebuilding of engine houses to aflford longer stalls, revisions of

frog and switch layouts at terminals (because of longer wheel bases, requir-

ing lighter curvature in turnouts and crossovers) and similar expenditures.

2. Eflfect on maintenance costs, both for maintenance of way and

maintenance of equipment.
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Revision of grades in many cases requires additional trackage, with

correspondingly increased costs for maintenance. On the other hand, heavier

power entails additional costs for locomotive maintenance and, while not

easily determinable, some additional cost for track maintenance, due to

the increased weight of the locomotives.

3. Effect on transportation costs and taxes.

Where grade revisions are accomplished by building new lines, without

the abandonment of existing lines (which must sometimes be kept in opera-

tion to serve, for either passenger or freight business, existing communities

or industries) there may be some additional cost, due tO' the duplication of

facilities, such as stations, coal and water stations, telegraph and telephone

lines, signals and interlockers, crossing protection, etc., which would not

result from the use of heavier power on the existing lines. The payment

of additional taxes may also be required because of such lines.

This must be given consideration in connection with the savings due to

reduction in number of trains by increased train-loading, the additional

cost of operating heavier locomotives or "boosters," and the effects due to

increased or decreased distance, rise and fall, and curvature.

4. A factor of considerable importance, which is frequently neglected,

is the character of the business handled. This, as well as volume, must be

given consideration.

On a railroad where the principal business consists of "Products of

Mines," the average gross weight of freight train cars may run as high

as seventy-five tons. Where the principal business consists of "Products

of Agriculture," "Animals and Products," or of the bulkier manufactured

articles, the average gross weight may be as low as 35 tons to 45 tons.

A recent analysis of business on a main line division between Chicago

and Pittsburgh developed that with an annual through movement of approxi-

mately 275,000 loaded and 56,000 empty cars, eastbound, and of 211,000

loaded and 144,000 empty cars westbound, the average weight per car

was 38.8 tons for both the eastbound and westbound movements. The

average weight of empty cars was 25.8 tons, making the average lading

13.0 tons.

On a bituminous coal carrier, operating 544 miles of line, the average

lading per Toaded car was (in 1925) 66.2 tons. On this road, approximately

47 per cent of the total movement consisted of empty cars, so that the

average lading of all cars was 35.1 tons, or nearly three times that on, the

first mentioned road.

5. As a corollary to the character of the traffic, consideration must

be given to the necessities of scheduled movements, particularly with regard

to interchange with adjacent divisions. Where the traffic consists largely

of live stock or perishable goods, requiring a fast movement, without

sufficient time at the Division terminals to allow changes in the consist of the

trains, it might prove more profitable to use heavier power than to revise

the grades. This is particularly true where there are limitations on these

trains, due to conditions on the adjacent Divisions.
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6. It has been suggested that a factor of some importance in deciding

as between grade revision and the use of heavier power (although it has

no bearing on the relative merits from an engineering standpoint), is the

relative ease or difficulty of obtaining the necessary money. In perhaps the

majority of cases, the money for major improvements must be obtained

from outside sources— it cannot be taken directly from earnings.

The purchase of heavier power can usually be readily accomplished

under the "Equipment Trust" plan. It is also usually the case that the

expenditure for power is less in amount, and productive of quicker savings,

than that for grade revisions.

On the other hand, grade revisions, once accomplished, will usually

prove profitable in other ways than by the increase of tonnage. They

should prove of benefit to all trains, those lightly loaded as well as those

loaded to the full capacity of the locomotive, either by making possible

greater speed, or by reducing fuel consumption.

Methods for Analyzing Grade Revision Problems

There is appended as an illustration of one method of analysis based

on practical rather than theoretical reasoning, an abstract of a report

covering a comparison of present and proposed annual costs, including

both operating costs and interest on expenditure, in which are involved the

use of different grades, of different classes of power (both with and with-

out pusher engines), the character of the traffic and the limitations due to

train schedules and conditions on adjacent Divisions.

It is not offered as a model, as its author has realized, through later

experience, that there are in it omissions and assumptions that were not

fully warranted. It does, however, illustrate, particularly with regard to

the element of "character of traffic," some of the factors that must be

considered.

It is to be noted that the rates for locomotive and train mile costs, and

for car repair costs, as applied in this report, include the total amounts,

per mile, charged to the accounts affected. Such application is not entirely

correct, as some portion of these charges might not be affected by the

increase in tonnage, nor by the changes in distance. As used, the results

indicate, in a general way, the relative merits of the various routes and

methods of operation considered, making it possible to reject those showing

the least favorable results. In a final analysis, consideration should be

given to the effect of the unaffected portions of these costs.

It is of interest, as bearing on the relative merits of "grade reduction

or heavier power," that the investigation above referred to led to the con-

clusion that the grade to be recommended was neither the lightest nor the

heaviest, and that the use of the heaviest engines was not warranted on

any of the grades considered. This conclusion might be changed if an

investigation of the same problem was made at the present time (See

Exhibit A).

Also another illustration of a study by a trunk line, in which it will

be noted that the names of stations are changed so that the actual location

is not given (See Exhibit B).
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Economic Theory of the Location of Railways," as well as the later litera-

ture on the subject.

Reference should be made to the reports and discussions appearing in
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9. "Locomotive Fuel Consumption and the Speed Diagram," by A. K.
Shurtleff, Vol. XIV, part 2, page 3.

10. "Rise and Fall, Fuel and Time," by C. P. Howard, Vol. XVII,
part 2, page 225.

11. "How to Calculate Fuel Consumption in Figuring Economics of
Railway Location," by John G. Sullivan, Vol. XVIII, part 2, page 65.

12. Comparative Economy of Reduction in Ruling Grade and Length
of Line, by XT. A. Morse, Journal Western Society of Engineers, February,
1926.
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Exhibit "A"

PANHANDLE DIVISION GRADE REVISION, COLUMBUS, OHIO,
TO NEWARK, OHIO. ABSTRACT OF REPORT BY W. L. R.

HAINES, ASSISTANT ENGINEER, PENNSYLVANIA RAIL-
ROAD

General Situation

The Panhandle Division extends from Pittsburgh, Pa., to a pcjint seven

miles east of Columbus, Ohio, a distance of 184 miles, the remaining

distance into Columbus being over the Columbus Division.

Panhandle Division freight-runs, in the territory for which grade revi-

sion was considered, extend from the east end of Columbus Yards (Mik-

post 188.4) to Dennison (Mile post 90.6), a road distance of 97.8 miles.

Exhibits "A" and "B" show, respectively, a general map of the Divi-

sion and a condensed profile and track-chart between Newark and Columbus.

Between Newark and Columbus, the ruling grades, compensated lor

curvature, are 1.00 per cent eastbound, and 0.97 per cent westbound.

Between Newark and Dennison, with the exception of a few short mo-

mentum grades, there are only three grades in excess of 0.3 per cent,

and these, as well as the grades directly at Newark, could be reduced at

comparatively low cost.

The problem was, therefore, to determine what should be done between

Newark and Columbus, and a study was made of the results to be obtained

by reducing grades in this territory to 0.3 per cent, 0.5 per cent or 0.7 per

cent, comparing them with the results obtained on the existing grades

with trains operated with one engine and with a pusher engine. All of

the calculations included the results that might be obtained with the four

classes of locomotives listed below

:

P. R. R. Classification IVhytc Classification Tractive Poiocr

H—10s 2— 8—0 53,197 lbs.

I^- Is 2— 8—2 61,465 lbs.

N— 2s 2—10—2 74,000 lbs.

I— Is 2—10—0 90,000 lbs.

Construction Required for Grade Revision

To secure a 0.3 per cent grade, it was planned to build a detour line

south of the present line. This detour would be 29.6 miles long and would

add 8 miles of distance. The junctions with the present line would l>e at

Heath and at Big Walnut. The cost was estimated at $4,550,000.

For a 0.5 per cent grade a similar detour was planned between the

same points. This detour would be 24.6 miles long, adding 3 miles of

distance and was estimated to cost $3,800,000.

For a 0.7 per cent grade, the existing up-hill tracks would be relocated

on approximately their same locations. The estimated cost was $1,550,000.

Additional Facilities Required, Not a Part of Grade Reduction

With present liUsiNESS, there was a demand for the construction of

a third track from Columbus to Big Walnut, at an estimated cost of

$750,000.
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With the smaller number of trains due to reduction of grades this

expenditure could probably be postponed for several years.

Extension of siding facilities at Summit and Outville was needed,

and would be needed with either pushers or a 0.7 per cent grade, but

would not be needed with the 0.5 per cent or the 0.3 per cent grades.

This was estimated to cost $130,000.

With double present business, four tracks between Columbus and

Big Walnut would be needed for all grades. Between Big Walnut and

Heath, if the present location was adhered to, a four-track system was

needed. This would require 30 miles of new tracks at an estimated cost of

$2,000,000. With the detour lines, i.e., the 0.5 per cent or the 0.3 per cent

grades, this would not be necessary.

Between Heath and Newark, four tracks were needed for all grades.

As this was a common factor, the cost was omitted in the comparisons. It

was estimated, however, at $400,000.

Maintenance and Operation of Additional Facilities

Estimates were made of the cost of maintenance and operation of the

additional facilities required for each of the schemes, and these costs were

included in the comparisons.

Length of Trains

In considering operations on the various grades, an arbitrary maximum
limit of 100 cars per train was assumed regardless of the theoretical number

that could be hauled, as it was felt that for practical operation this

number should not be exceeded.

Present Daily Business and Consist of Trains

An analysis was made of the car movement for a twenty-day period,

fairly representing the present business. Results were calculated for present

and double present business.

The present average eastbound freight movement consisted of 724 cars

per day, of which 516 were loaded and 208 were empty. These cars were,

in general, segregated so that the trains were composed of all loaded cars

or all empty cars, although occasionally a few loaded or empty cars

might be included in a train of opposite character to fill out tonnage.

Of the 516 loaded cars, 365 were classified for scheduled trains, as shown in

attached table. Exhibit "C."

The average weight of the cars not classified for scheduled movemenl
was 47 tons for loaded cars and 21.5 tons for empties.

The westbound movement consisted of 401 loaded and 328 empty cars,

weighing, respectively, 42 tons and 21.5 tons each.

The proportions of the movements eastbound and westbound would

vary from time to time, but the power required for the eastbound movement
would be in excess of that for the westbound. Under existing wage-

schedules, crews must be paid for the return trip, whether light or loaded.

Consequently the cost of train-operation, exclusive of pusher service and of

costs allocated on a car-mile basis, would be the same westbound as east-

bound. No pushers would be required westbound, because of the excess

of power above mentioned.
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Methods of Operation

This question was complicated by the fact that about 70 per cent of

the loaded movement eastbound consisted of cars that must be moved in

scheduled trains, and by the restrictions imposed on the loading of these

trains. There were nine of these scheduled trains, this number being

determined by three factors: (1) class of freight; (2) origin; (3) destina-

tion. Consideration was given to the possibility of consolidating some of

these trains, so as to reduce the number scheduled, but the Division operat-

ing people did not think that this could be done without seriously disarrang-

ing inter-divisional schedule.

Of the nine scheduled trains, five were given full slow freight loading

for the class of engine used, and were filled out with unclassified cars, to be

set of? at Dennison. The other four trains were run on a fast schedule

which did not permit the setting off of cars at Dennison and their loading

was restricted to the tonnage that could be handled with one engine from

Dennison to Pittsburgh.

The possibility of increasing the loading of these trains by using two

engines east of Dennison or by altering the schedule so as to permit of

setting-off at Dennison was given consideration. The Division people did

not think either of these methods practicable, but for the sake of compari-

son the results that could be obtained by both of them were calculated.

Engine and Train Operating Costs

For comparative purposes, it was assumed that, aside from maintenance

and operation of new lines and facilities, the only costs that would be

affected were those directly pertaining to engine and train operations

;

i.e., locomotive repairs, enginehouse expenses, fuel, water, lubricants, other

supplies, engine and trainmen's wages, car repairs, freight train supplies,

locomotive depreciation and interest on locomotives. This last item is not

an operating charge and should perhaps not be included, but as grade

reduction might decrease the number of engines required, it was thought that

the saving could best be shown by including the interest charge on a mileage

basis.

Under existing accounting methods, each Division in the Region was

charged with a pro rata share of the entire Regional cost for locomotive

repairs, enginehouse expenses, fuel, water, lubricants, and other locomotive

supplies. This share was determined by ascertaining the cost per thousand

tractive-power miles of each item for the entire Region, and applying this

cost to the tractive-power miles produced on each Division. Thus, the Divi-

sion operating expenses were affected directly by the class of engines used

and the miles run.

Freight train supplies and freight car repairs were charged on a car-

mileage basis, the rate being determined from the System pool.

Wages were based on current wage-schedules. It was assumed that in

all cases the runs could be completed within eight hours, avoiding the pay-

ment of punitive over-time, so that the costs would be on a direct mileage

basis, with a minimum of 100 miles.

A table, Exhibit "D," is attached showing the above mentioned charges.
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'Exhibit "D"

PBuhandle Division - Grade Hevlslon - Columbus, Ohio, to Newark, Ohio,

Statement showing unit costs chargeable to

train operation.

Class of Locomotive t E-lOs i L-ls j If-Zs i I-ls

Total weight on drivers - lbs. : 223,000 t 240,200 i 293,000 i 341,000

Tractive BOwer i 53.197 i 61.465 i 74.000 t 90.000
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Pusher Service

The pusher grade, with existing grades, extended from Big Walnut

Creek, at Milepost 183.5 to Summit, Milepost 177.5, a distance of 6.0

miles. Because of operating conditions and of the proximity of Big Walnut

to Columbus, the Division operating people were of the opinion that it

would not be advisable to establish a pusher-engine station at Big Walnut, but

that these engines should run out of Columbus. Pusher-engine mileage

was, therefore, figured at 24 miles per round-trip for each train pushed.

Train-schedule diagrams were made to determine the number of pusher-

engines required for both present and double-present business.

With I—Is aigines, no pushers would be required on empty trains nor

on fast trains loaded for one engine east of Dennison. With all other engines,

pushers would be required on all trains. It was estimated that the number

of pusher engines required per day would be as follows :

Present business^—all engines 4 per day (8 hours)

Double present business—H—10s engines.... 8 per day (8 hours)
Double present business—other engines 7 per day (8 hours)

The cost of pusher-service was figured on a mileage basis for all items

except wages. Wages were figured on an hourly basis.

Calculation of Operating Costs

Detailed studies were m.ade of the make-up of each scheduled train to

determine the tonnage and number of cars that could be hauled. Where the

scheduled car-movement was less than the capacity of the locomotive, it was

assumed that trains would be filled-out with cars of unscheduled freight,

with an average gross weight of 47 tons each.

The possible daily movement in scheduled trains was deducted from

the total daily movement and the remainder was resolved into trains per

year, rather than trains per day, as it was assumed that such unclassified

freight could normally be held until a train load had accumulated. This

would not be always true, but the error would be small in most cases.

These calculations were made for both present and double-present busi-

ness, for five different grades (assuming that use of pushers on present

grades is equivalent to a separate gradient) for four types of engines, and

on three methods of operation, making a total of 120 different sets of

calculations.

A tabulated statement showing the method of determining the number of

trains required for one type of engine; i.e., the H—10s, is attached as

Exhibit "E."

Calculation of Annual Costs

Having determined the number of trains, the amount of pusher-service

and the cost of train and pusher operation (as described above) the annual

cost of train-operation was worked out in detail for each type of locomotive,

on each grade, for each of the three methods of loading considered. A tabu-

lation showing the results for one type of locomotive ; i.e., the H—10s,

is attached as Exhibit "F."
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EUhlblt "F"

Panhandle Division - Grade Revision - Columbus, Ohio to Newark, Ohio.

Caloiilatlon of innual Train Operating; Costa between Hewar'/C

and Sennlson, T.ith Class H- 10s locomotive.

Presant Business.

I Past trains loaded for I Is en^-ine east of Dennlson
1. Present grades, one engine

7037 trains x 2 x 100 miles x *1.2132
1353 oars x S65 x 100 ;• x 0.0223

2. Presant j,T£ides, pusher engines
4052 trains x 2 x 100 niiles x $1,2132
4052 pushers x 24 miles Z 0.922
4 " X 365 X 8 hours x 2.265 x 3

1353 cars x 368 x 100 ml. x 0.0223

3. 0.7 percent grades
4577 trains x 2 x 100 miles x $1.2132
1353 oars x 365 x 100 " x 0.0223

4. 0.5 percent grades
4015 trains x 2 x 103 miles > il.2132
1353 oars x 365 x 103 " x 0.0223

5. 0,3 percent grades
4015 trains x 2 x 108 miles i tl.2132
1353 oars x 355 i 108 " x 0.0223

1*1.707,468 I $
1.101,274 J 2,808,732

983,177 I

89,663 I

79,365 I

1.101.274 I

1.110,563 ,

1.101.274 :

1,003,426 I

:, 263,479

2,211,837

2,137,738

1,062,136 I

1.189.376 I 2.241,S12

II Fas
1.

2.
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Attention is called to the fact that the unit costs used in these calcula-

tions are the total unit costs charged against the Division for each of the

items shown on "Exhibit D" and that the results, while comparative, should

possibly be modified by the consideration that some part of these costs

would or would not be affected by changes in the number of trains or by

the distance run.

All of the results were assembled in comparative tabular form, showing

expenditure required and annual cost, the latter including interest at 6 per

cent on the expenditure, the cost of train operation, and the cost of main-

tenance and operation of the additional facilities provided.

These results were studied in connection with the other elements involved,

such as questions of policy with regard to contemporaneous or future

developments, probable growth of business, the advantages or disadvantages

of having the independent routes provided by the proposed detour low grade

lines, and the future expenditures that might be required, and on this

study a recommendation was based.

Exhibit B

ESTIMATED SAVINGS ACCOUNT PROPOSED GRADE REDUC-
TION—JEFFERY YARD TO WELLINGTON

(Names as tO' location are fictitious)

Scheme B-1

Shows the estimated annual saving that will result from reducing the

controlling grade to .4 per cent with a 3-mile helper grade west out of

Jefifery Yard, and a 6-mile helper grade, making the ascent west from the

Misquatauqua River. See details marked scheme B-1 and Plate A.

Scheme B-2

Shows the estimated annual saving that will result from reducing the

controlling grade to .5 per cent with a 3-mile helper grade west from

Jeffery Yard and a 4-mile helper grade making the ascent west from the

Misquatauqua River. See details marked scheme B-2 and Plate B.

Scheme B-3

Shows estimated annual saving that will result from reducing the

controlling grade to .5 per cent without the helper grade west of the Mis-

quatauqua River. See details marked scheme B-3 and Plate C.

There are condensed profiles marked Plates "A," "B," and "C," respec-

tively.

Plate "A" shows the .4 per cent controlling grade
;
plate "B" shows a

.5 per cent controlling grade; and plate "C" shows a .5 per cent controlling

grade without helper grade west of the Misquatauqua River.

There are two vital questions involved in the solution of the grade

reduction problem between Jefifery and Wellington.

(1) The controlling gradients to be adopted.

(2) Should helper grades be used.
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of $2,597,000 in favor of the 4-mile helper grade ; the annual interest on

this amount at 5 per cent is $129,850, which is $64,850 in excess of $65,000,

the estimated cost of maintaining a 24-hour daily pusher service.

With a tonnage equal to that of 1923, which was an average of 17,000

gross tons westbound (6 daily trains), it would be much more economical

to double this 4-mile helper grade than to maintain a pusher service. The
annual cost to double this 4-mile with six daily trains will be approximately

$22,000, which is $107,850 less than $129,850, the saving in fixed charges

and operating cost that will result from the proposed helper grade.

If the helper grade is double tracked, it will cause no delay to any

trains except those that have to double ; and this could be reduced to a

minimum by installing a coaling and water station at the foot of the helper

grade ; for then while one train was taking coal, water, etc., the preceding

train could double the hill. Further, as shown by condensed plates "B" and

"C" the straight .5 per cent grade has a continuous maximum grade over 16

miles in length while on the helper grade line the longest maximum grade

is only four miles. This advantage in the length of continuous maximum
grade coupled with the 1.5 miles of distance saved, should reduce the running

time at least fifty minutes, nearly if not quite as much time as would be

consumed in the 4-mile double.

With a pusher service the running time on the westbound train will be

reduced at least fifty minutes, as compared with operation over the continu-

ous .5 per cent grade.

The foregoing proves conclusively that the 4-mile helper grade will

prove much more economical from an operating standpoint than the con-

tinuous .5 per cent grade line and consequently should be adopted.

If a .4 per cent ruling grade is adopted, it will be essential to use a

helper grade west out of JefTery Yard and in making the ascent west from

the Misquatauqua River, as the rise is too abrui't in both places to be

overcome with a straight .4 per cent grade.
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REPORT OF COMMITTEE I—ROADWAY
J. C. Wrenshall, Chairman; C. W. Baldridge, Vice-Chairman;

Anton Anderson, W. G. Morgax,
H. B. Barry, E. C. Oyler,
E. J. Bayer, O. V. Parsons,
A. E. Botts, E. M. Smith,
Samuel L. Conner, W. C. Swartout,
G. S. Crites, R. M. Thomas,
C. C. Cunninoham, D. W. Thrower,
C. A. Daley, H. E. Tyrrell,
E. B. Fithian, Jamison Vawter,

J. R. Hoagland, B. a. Wait,
W. M. Jaekle, ">"^ D. Wiggins,

J. E. Johnson,* A. T. Wilkinson,
Noah Johnsox, J. R. Wilks,
W. W. Kelly, W. H. Woodbury,

Committee.

To the American Railivay Enyinecring Association:

Your Committee respectfully presents herewith report covering the

following subjects:

(1) Revision of the Manual (Appendix A).

(2) Continue the study of corrugated metal culverts (Appendix B).

(3) Continue the study of unusual methods of handling problems in

connection with slips, slides and water pockets (Appendix C).

(4) Continue the study of deformations of roadbed in the light of

information developed by the Committee on Stresses in Railroad

Track (Appendix D).

(5) Continue the study of methods of drainage of roadway in yards

and main lines where there are three or more tracks (Appendix E).

(6) Continue the study of improved methods of preventing corrosion of

fence wire, as previously conducted by Committee IX (Appendix F).

(7) Continue the study of specifications for steel fence posts, as previ-

ously conducted bj' Committee IX (Appendix G).

(8) Begin the study of methods and advisability of constructing a

permanent roadbed, collaborating with other Committees where

necessary (Appendix H).

(9) Outline of work for ensuing year (Appendix T").

Action Recommended

1. That the changes in the Manual in Appendix A be approved, and

the revised version substituted for the present recommendations in the

Manual.

2. That the report in Appendix B be received as information, and

that the subject be reassigned.

Bullitin 295, March, 1927. "Died September 8, 1926.

A
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3. That the report contained in Appendix C be received as informa-

tion, and that the subject be discontinued.

4. That the report contained in Appendix D be received as informa-

tion, and that the subject be reassigned.

5. That the report submitted in Appendix E be received as informa-

tion, and that the subject be discontinued.

6. That the report submitted in Appendix F be received as a progress

report, and that the subject be reassigned.

7. That the subject mentioned in Appendix G be reassigned.

8. That the report in Appendix H be received as information, and

that the subject be reassigned.

Recommendatl'o-is- for Future Work

1. Revision of the Manual.

2. Reassignment of subjects Nos. 2, 4, 6, 7 and 8.

3. Care of Right-of-Way—report to cover methods of keeping right-

of-way clear of scattered rock, coarse discarded ballast, stumps, etc. ; also

the desirability of w^inter work of this character to remove obstructions

that would interfere with a mowing machine ; also tO' what extent right-of-

way should be leveled down tO' permit of mowing by machinery.

Respectfully submitted.

The Committee on Roadway,

J. C. Wrenshall, Chairman.
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Appendix A

(1) REVISION OF THE MANUAL

E. C. Oyler, Chairman, Subcommittee; Anton Anderson, J. R. Hoagland,

W. M. Jaekle, W. G. Morgan.

The following changes are recommended

:

Present Reading Proposed Reading

DEFINITIONS
Page 19

Borrow (noun).—Material removed
from a borrow pit.

Borrow (noun).—All material, used

in making embankments, which
does not come from necessary ex-

cavation.

Page 21

WIDTH OF ROADWAY AT SUBGRADE

(1) For single track Class A rail-

ways, with constant and heavy traffic,

should have a minimum permanent
width of twenty (20) feet at sub-

grade. A roadbed shoulder of not

less than eighteen (18) inches should
be maintained outside of the toe of
the ballast slope.

(1) Single track Class A rail-

ways, with constant and heavy traffic,

should have a minimum permanent
vddth of twenty (20) feet at sub-

grade. A roadbed shoulder of not

less than eighteen (18) inches should

be maintained outside of the toe of

the ballast slope.

GENERAL SPECIFICATIONS FOR USE OF VEGETATION FOR
PROTECTION OF SLOPES AGAINST EROSION

Page 62

As Bermuda grass cannot be
grown successfully as a general

proposition, its use being limited to

restricted areas, it is recommended
that the "Specifications for Sodding
with Bermuda Grass" be transferred
as information to the Procecdincrs,

the matter opposite to be inserted in

the Manual.

(1) The slopes shall be graded to

whatever final surface is desired.

(2) Vegetation suited to the con-

ditions existing in the territory

where slopes are to be protected,

shall be selected. This may consist

of sod transferred from other loca-

tions ; sod grown on slopes, as a re-

sult of seeding ; vines such as

Honeysuckle, Myrtle, etc., and
dwarf species of shrubbery.

(3) If the material of the slope

is not fertile, it may be given a
dressing of loam, manure, or com-
mercial fertilizer. As manure gen-

erally contains weed seeds, care

must be taken, where applied, to pre-

vent troublesome weeds from going
to seed.

(4) In order to prevent newly laid

sod, transferred from other loca-

tions, from slipping, it is necessary

to hold same to the slopes by use of

wooden pins not less than seven (7)
inches long, spaced not more than
two (2) feet apart.
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(5) A good seed mixture for well

watered parts of the country con-

sists of about 50 per cent Alfalfa,

25 per cent Kentucky Blue Grass,

and 25 per cent of Red Top seed.

Care must be taken to inoculate the

alfalfa seed, if the soil has not pre-

viously grown alfalfa. Sweet Clover

is also effective at many locations,

and in some sections of the country
Bermuda Grass is found to be best.

(6) Honeysuckle vines are effec-

tive at many locations, recommended
spacing of plants being two (2) feet

apart.

(7) The following species of dwarf
shiubbery may be used under certain

conditions: Indian Currant (Sym-
phoricarpos—Vulgaris) ; Bitter-
Sweet—American ; Forsythia (Inter-

media).

Appendix B

(2) CORRUGATED METAL CULVERTS FOR RAILROAD
PURPOSES

W. H. Woodbury, Chairman, Sub-Committee; E. J. Bayer, A. E. Botts,

C. A. Daley, W. C. Swartout, Jamison Vawter, J. R. Wilks.

Introduction.—As stated in previous reports this work consists of a

study of corrugated culverts from the standpoint of strength, durability and

economy.

The Committee has nothing to add, at this time, to its report for 1926

on the subjects of durability and economy. The inquiry on durability is

being continued.

Strength.—The Committee has continued taking readings on the Farina,

Illinois, test and h'as endeavored to mathematically analyze this data. The

previous report included readings tO' August 11, 1925, which were the last

readings taken during the period of construction. Additional readings of

pressure and deflection have been made on the following dates : December

9, 1925; March 24, 1926; June 19, 1926; October 8, 1926. No additional

readings have been taken on settlement.

Results of Readings.—The readings of December 9th showed a slight

increase of pressure over those of August 11th; the readings of March 24th

showed a decided drop; and those of June 29th and October 8th, taken after

the line was opened to construction traffic, were about the same as the ones

of December 9th.

Studies on Stress and Failure.—The majority of Engineers would

probably prefer to use the extreme fiber stress as a measurement of the
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safety of a corrugated culvert. This is difficult to determine on account

of the large number of factors that enter into the problem due to the flex-

ibility and large deflection of the pipe in comparison with the rigid type.

In addition the relation between fiber stress and ultimate failure has not been

definitely determined, in the case where the culvert is subjected to the action

of forces due to embankment load. If, however, some rational method

be adopted for the calculation of this stress, the stress so calculated can

be used as a criterion of the safety of the culvert if this same method is

used for the calculation of the stress at the yield point or at failure.

The Sub-Committee has used the bending moments formulae (see

University of Illinois Bulletin 22 referred to in previous reports) for the

calculation of stress in the culverts in the Farina test. These formulae

were modified by correcting the horizontal and vertical diameters by the

amount of their respective deflections. The top and horizontol cell readings

were considered uniformly distributed over the top and side of the culvert

respectively. This method is approximate but should give fairly close

results. It was checked against another more complicated approximate

method and the results were almost identical.

Failure Indicated by Deflection.—The easiest indicator to use in

determining the relative safety of corrugated culverts under load would be

by the measurement of their percentage of deflection if the proper relation

could be shown to exist. This would be true only if the gages and diameters

of the various culverts were in such combination that their degree of

rigidity would be about the same. Corrugated culverts, on account of the

uniform depth of the corrugations, are not as much affected by a change

in thickness of the metal, in this respect, as are other classes of culverts.

The Sub-Committee can make no further recommendation along this

line without further study as the only data available have been the readings

of the 42-inch and the 48-inch culverts under a maximum embankment

height of 35 feet. The stresses developed in the 24-inch culvert were too

small to be of value in this study. It will be necessary to have information

from larger and smaller diameters under higher fills in order to develop

higher fiber stress. It may then be possible to determine the proper rela-

tion which exists between deflection and stress and ultimate failure.

Relation Between Stress and Deflection.—From a study of the ac-

cepted deflection and moment formul.-e it can be shown tliat the per cent

deflection in a pipe has a constant relation to the stress times the diameter

divided by the distance from the neutral axis to the extreme fiber. In

corrugated metal this latter can lie considered a constant due to the uniform

depth of corrugations and small range in gages used. This should give a

straight line relation between per cent deflection on one ordinate and stress

times diameter on the other. In the computations made so far by the Com-

mittee this straightline relation has held true for all except very low

stresses in which the effect of direct thrust is a considerable portion of the

total stress.

The deflection of corrugated culverts is an exponential factor of the

height of embankment. Diagrams can be made giving the deflection of



844 Roadway

various sizes and gages of culverts and these used in conjunction with a

diagram such as mentioned in the paragraph preceding should enable the

engineer to pick the proper culvert for any height of embankment and have

the desired factor of safety.

The deflection formulae given in Bulletin 22, mentioned above, cannot

be used in their present form for corrugated metal culverts as these for-

mulae are designed for use with the rigid type of culvert where the deflection

is relatively small and failure is evidenced by fracture. In the flexible cul-

verts the deflection is relatively large and horizontal pressure builds up due

to the resistance of the earth to the lateral deflection of the culvert.

The computations thus far made indicate the benefits of thorough side

tamping. Culverts of this type should be well tamped on the side up to at

least two-thirds the height. This provides early lateral support and reduces

vertical deflection. The tamped material will also earlier take its proper

proportion of the vertical load.

The Committee would be very glad for any suggestions from the

members of the Association.

Present Needs.—The present need of the Committee is field tests on

corrugated pipe, tested to failure. There have been nO' indications of failure

of the corrugated pipe in the Farina test. It will probably take field tests

of 60-inch and 72-inch under high embankments to get the desired result.

Resources.—Tests are being made at various institutions and the Com-
mittee will have access to these results when published. These are ex-

pected to clear up the following

:

Load variation for different diameters.
Distribution of load.

Load law for different degrees of rigidity.

Equation for deflection of pipe tested under test conditions.

Correlation of laboratory tests to field tests at least in regard to

rigid type.

Acknowledgments.—The Committee is indebted to the Armco
Culvert & Flume Manufacturers' Association and the American Sheet &
Tin Plate Company for financial assistance in the tests and the expenses

incidental to the 'collecting and analyzing the available information.

This report is submitted as information.
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Appendix C

(3) UNUSUAL METHODS OF HANDLING PROBLEMS IN

CONNECTION WITH SLIPS, SLIDES AND WATER
POCKETS

E. J. Bayer, Chairman, Sub-Committee ; A. E. Botts, W. M. Jackie, Noah

Johnson, W. C. Swartout, A. T. Wilkinson.

This subject was first assigned for investigation in 1924 and the Com-

mittee at that time reported in Vol. 26, page 429, that in reply to a ques-

tionnaire sent out they had reports on unusual conditions but none on unusual

methods of handling.

Since that time two methods of handling problems of this kind have

been brought to the attention of the Committee which may be considered

unusual.

The first, which was used on the Oregon-Washington Railroad &
Navigation Company, a unit of the Union Pacific to stop a landslide, con-

sisted of driving tunnels and laterals and tapping the underground channels.

A full description of this work appeared in Railway Engineering and

Maintenance in the issue of December, 1924.

The second, which was used on the Hinton Division of the Chesapeake

& Ohio, consisted of removing the slide by sluicing. The Committee is

indebted to H. M. Church, Division Engineer, who was in charge of the

work, for the following description and photographs.

BRIEF DESCRIPTION OF THE REMOVAL OF PART OF AJAX
SLIDE BY SLUICING

The coal company operating a mine at Ajax just west of Fayette Sta-

tion, New River District, deposited mine waste on the mountainside and
this waste dump slid into a ravine to the east of the dump and during
heavy rains considerable quantity of mine waste washed on the railway's

main track. (Fig. 1 and 2.)

The slipping of the mine dump into the ravine has caused obstruction

of the regular water course through the ravine, causing underground seep-

age and the hillside and waste dump to slide toward the railway.

At the base of this dump, a large rock 60 feet long, 30 feet wide and 20
feet thick has been moving toward the railway and to the edge of the

rock bluff immediately under same and along the railway. The movement
of this rock caused by the waste dump pushing and partly covering same
with an observed movement of 15 feet during this winter, brings the rock
to overhang the bluff above the main line. (Fig. 3.)

This rock could not be moved or taken down without the movement of

the material behind it and a sluicing plant was installed to move this

material by water through a sluice-way.

A 4 ft. by 4 ft. wooden box supported on timber bents was built on
a slope from the side of the rock over and across the tracks for sluicing

into the river.

A water box was built on the hillside to catch and hold about 12,000

gallons of water, this box being about 200 ft. above the rock and from
it water was conveyed through a six-inch pipe, giving 80-lb. pressure at the

nozzle of the hose at the end of the six-inch pipe, for sluicing. (Fig.

4, 5, and 6.)

About 20,000 cu. yd. of mine waste were moved in 15 days. The sluic-

ing plant cost about $3500 and labor for sluicing about $3000.

The material moved was from about an average height of 120 ft.

above the track into the river below the track and a total average distance

down sluiceway of 300 ft.

The Committee recommends that this report be accepted as information

and that the subject be discontinued.
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Fig. 1. -View of Mine from Opposite Side of New River, Showing
Waste Bank and Sluicing Operations

The large boulder that has moved to the edge of the cliff is seen at the

upper end of the sluice way, which extends over the westbound main line

on north side of New River.

Fig. 2.

—

View of Top of Mine Waste Bank

Shows character of material removed by sluicing
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Fig. 3.—View of Large Rock Overuanging Railroad, Showing Mine
Waste Material Behind Same

This rock moved 15 feet during the winter of 1925-6, showing also east-

bound main line of south side of New River.

Pio. 4.

—

Vtf.w of Rock from Above, Showing Head of Sluice Wav
Spanning Westbound Main Line

Shows material being sluiced under nozzle pressure of 80 lb. per sq. in.
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Fig. 5.

—

Near View of Rock During Sluicing Operations

View shows eastbound main line on south side of river, giving good
idea of rugged New River Gorge.

Fig. 6.

—

Another Close View of SLUiaNG Operations

Men were stationed along the sluicing apron with poles and shovels to

keep the material moving into the sluice box.
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. .
Appendix D

(4) DEFORMATIONS OF THE ROADBED

H. E. Tyrrell, Chairman, Sub-Committee ; S. L. Conner, W. W. Kelly, J.

Vawter, C. C. Cunningham, D. W. Thrower, J. C. Wrenshall.

The laboratory tests made by the Special Committee on Stresses in

Railroad Track indicate that static pressure is not uniformly distributed

over the roadbed through less than 21 inches of ballast. In fact, Fig. 97, on

page 807, Vol. 21 of the Proceedings, shows a uniform distribution of 38

per cent of the load at a depth of 27 inches below the bottom of the tie.

Fig. 96 and 97, on pages 806 and 807, of Vol. 21 of the Proceedings,

clearly show the percentages of pressure reaching the roadbed under the

conditions of the laboratory tests. In an effort to reduce these results to a

definite unit we applied them to a section of track, using 6-inch by 8-inch

by 8-foot cross-ties spaced 21 inches center to center, loaded with a heavy

Mikado type engine. A logarithmic chart constructed on this basis indi-

cates a maximum pressure of 10,400 lb. per square foot and an average pres-

sure of 7,800 lb. per square foot at a depth of 6 inches below the bottom

of the ties. At a depth of 18 inches below the bottom of the ties the

maximum pressure is 2,500 lb. per square foot and the average pressure is

about 2,000 lb. per square foot.

The average pressure at the 6-inch depth is greater than most soils

will stand, and when consideration is given to the fact that the actual pres-

sure increases from this figure to the maximum which applies under the

rail, it will be readily seen that the roadbed should be depressed imder the

rail.

No impact has been <S)nsidered in the above, nor has any consideration

been given to special impact produced by the action of the counterbalance.

While the tests indicate that the load is not uniformly distributed over

the roadbed at depths of less than 21 inches of ballast, it is not absolutely

necessary to adhere to that depth as it will be seen from the above that the

maximum pressure at a depth of 18 inches is only 2,500 lb. per square

foot, which is well within the bearing capacity of most ordinary soil, and

even a lesser depth may be used without producing deformations of the

roadbed under lighter loads and certain classes of roadbed with high-

bearing capacity.

Laboratory tests and theoretical charts may not be conclusive, but

these figures emphasize conditions which are generally found in "roadbed

deformations. The depressions are pronounced parallel to and directly

beneath the rails, with the greatest depth directly under the tie. The Com-
mittee does not wish to offer any conclusions, but it does call special atten-

tion to Appendix D, Vol. 21, pages 832 and 833 of the Proceedings, and

wishes to add the weight of its recommendations to those published in the

Manual under the headiiTg of "Proper Depth of Ballast."
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Appendix E • •

(5) DRAINAGE OF ROADWAY IN YARDS AND MAIN
LINES WHERE THERE ARE THREE OR MORE TRACKS

E. M. Smith, Chairman, Sub-Committee ; G. S. Crites, W. W. Kelly, O. V.

Parsons, W. D. Wiggins, A. T. Wilkinson.

There are very few rules for draining yards that admit of general

application, as each yard is likely to present special problems of its own.

It is necessary to secure a run-off for surface water and provide such under-

drainage as the soil conditions render necessary. Surface drainage may be

secured by installing pipes of reinforced concrete or other suitable material,

into which, by means of frequent openings with gratings, the surface

water is conducted. These pipes should, if practicable, lead into the natural

fllowage channels. Care should be taken that any pipes or culverts passing

under yards and collecting water from outside territory shall be of suffi-

cient size and pitch to carry off such water as might accumulate under

freshet conditions. Lateral ditches or drains and banks or bank protection

should be provided of proper design and location to prevent water from out-

side the yard area entering the yard.

The following method of providing drainage for yards having a sub-

grade that will hold water has been used by one road in the central west.

The surface of the ground was graded one foot below profile subgrade.

River sand was brought in and unloaded to the depth of one foot and on

this the ballast was placed. French drains, constructed of brick-bats, pieces

of stone, old concrete and the like were installed at intervals of 500 feet,

extending entirely across the yard and placed a^ little below natural ground,

so that any moisture in the sandbed or lower would find an outlet in the

natural drainage channels.

The climatic conditions of the arid or semi-arid regions of the far

West are such that where the soil is porous the problem of yard drainage

may be said not to exist. We have reports from several localities that

the water frona the infrequent rains runs off about as fast as it falls.

The drainage of roadbed carrying three or more main tracks, as

reported by two of our Eastern railroads, is not materially different from

that provided for a single or double-track line. One trimk line railroad,

having much third and fourth track, provides that transverse tile drains

be in|talled in wet cuts, about 400 to 500 feet apart. Between each pair

of tracks are laid, in a trench filled with broken stone, longitudinal tiles

entering into the cross-drains.

On another railroad, in a wet cut with four tracks, an 18-inch terra

cotta pipe was laid, with open joints, in a ditch below the level of the

subgrade, outside and parallel to the tracks, with good results.

At another point, in a very wet tunnel, with two tracks, a ditch was

dug below the level of subgrade between the tracks. In this ditch, a 10-inch

iron pipe was laid in two semi-circular segments, the upper segment being

perforated. It was found that this pipe rapidly became clogged with silt

and required frequent cleaning. Finally the upper segment was removed

and the ditch filled with stone. This provided better drainage than the

complete pipe.
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At one end of this tunnel, in tlie approach cut, a 24-inch terra cotta

pipe was laid in a ditch outside and parallel to the tracks and back-filled

with stone. Every 200 feet a cross-drain of cast-iron pipe, with open joints,

was laid across the roadbed, leading into the longitudinal pipe, with a

catch-basin between tracks and also outside the far track. This gave

satisfactory results.

It is sometimes the practice to dig a trench with a small steam shovel

between each pair of main tracks, fill the tracks with broken stone ballast

and provide cross-pipe drains at suitable intervals to carry the water beyond

the roadbed. No pipe should be used of less diameter than 18 inches, where

such pipe extends under three or more tracks.

This report is submitted as information only, and the Committee

recommends that the subject be dropped.

Appendix F

(6) IMPROVED METHODS OF PREVENTING CORROSION
OF FENCE WIRE

H. B. Barry, Chairman, Sub-Committee ; C. C. Cunningham, W. G. Alorgan,

B. A. Wait, J. R. Wilks, R. M. Thomas.

The Sub-Committee has given the subject considerable study and feel

that they are not in position at this time to make anything but a progress

report. We recommend that the study of the subject be continued and also

that arrangements be made for representation on the committee of the

American Society for Testing Materials, who are installing test samples

of various kinds of wire fencing at Pittsburgh, Pa., Altoona, Pa., Penn

State College, Pa., Sandy Hook, N. J., and Key West, Fla.

Appendix G

(7) CONTINUE THE STUDY OF SPECIFICATIONS FOR
STEEL FENCE POSTS, AS PREVIOUSLY CONDUCTED
BY COMMITTEE IX

J. E. Johnson, Chairman, Sub-Committee; Anton Anderson, S. L. Conner,

J. R. Hoagland, B. A. Wait, W. D. Wiggins.

During the year this Committee proceeded with its investigations of

the subject assigned, but owing to the sudden death of the Chairman, the

Sub-Committee is not ready to report, and it is recommended that tiic

subject be reassigned.

The notice of Mr. Johnson's death will be found on page 71, Bulletin

No. 289, of September, 1926.

At a meeting of the Roadway Committee at Chicago, Octol)er the 14th,

1926, a resolution of deep regret was passed on the death of our late

co-worker. A notice of the resolution was sent to his familv.
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Appendix H

(8) PERMANENT ROADBED

C. W. Baldridge, Chairman, Sub-Committee; G. S. Crites, C. A. Daley,

J. R. Hoagland, J. E. Johnson, O. V. Parsons, H. E. Tyrrell, W. H.

Woodbury.

The subject as assigned to the Committee reads, "Begin the Study of

Methods and the Advisability of Constructing a Permanent Roadbed."

After considering the subject the Committee decided to heed the in-

junction to begin, and decided that the most appropriate beginning would

consist of a study of what is a permanent roadbed. No one could be found

who would produce an abstract definition of permanent roadbed, therefore

it was thought best to make a study of a concrete roadbed such as is dis-

cussed in the paper entitled "A Design for Permanent Track Construc-

tion," prepared by Frank H. Alfred and Paul Chipman, of the Pere

Marquette Railway.

Investigations, however, soon disclosed that this subject under various

names or titles has been written on and advocated by various Engineers

during a number of years past.

The first paper secured by the Committee is upon the subject of "A
Design for a Permanent Track for Steam Railways," and is a treatise writ-

ten by the late J. W. Schaub, and published in the Engineering News of

January 5, 1899. Perhaps earlier discussions of the subject may have been

published, but the Committee has not found them.

Mr. Schaub's article reads as follows

:

A DESIGN FOR A PERMANENT TRACK FOR STEAM
RAILWAYS

By J. W. Schaub, Consulting Engineer

As civilization advances, we learn by experience that permanency in

the construction, of our works proves the best safeguard against waste.

This applies to our pavements for streets, our buildings, our bridges for

highways and railways, and, in fact, everything constructed for the benefit

of mankind. But more particularly does this apply to the roadbed and track

for railways, which must continually be adjusted and repaired to counteract

the destructive agencies of nature, and the constant action of the passing

loads.

As railways are constructed today, we find the rails laid on wooden
ties, and held in line by spikes which are driven into the ties by the aid of

the eye and main brute strength. If the spike is not in line it is knocked
into line, or else it is drawn out, the hole in the tie is plugged up, and then
the spike is redriven. At best it is a crude process, but what happens after

the spike is in its proper place? First, we see that the yielding action

or wave motion of the roadbed loosens the spike, and then the first lateral

pressure on the rails throws it out of line. The spike is then ready to go
through the same operation as when it was first driven.

On the most of our modern railways the ties are laid in rock ballast,

and on a few the ties are laid on rock ballast as well as in it. Moreover,
ini some cases we find tie plates inserted under the rails to preserve the
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ties against indentation, and give the rails a stiff and unyielding bearing,

and thereby preserve the alinement of the rails. This is approaching the

idea of a permanent track and roadbed, but does it reach it? If the spikes

are for the purpose of keeping the rails in line, why use spikes at all? If

the ties are designed to give an unyielding support to the rails, why use

wooden ties? If the roadbed is affected by the elements, why leave it

exposed to the weather?

In the Engineering Magazine for August, 1897, Col. H, G. Prout said

:

"I am inclined to think that, if the roadbed could be made
absolutely unyielding, the springs of the vehicles providing the elas-

ticity, the best results would be had. If the track could be as smooth
and relatively as stiff as a planer bed there would be a saving in

the cost of maintenance of track and machinery, and in coal con-

sumption. The stiflfer the rails, the less the creeping due to the

wave which runs ahead of the wheels, the less the wear of the ties

due to this motion, the less the destruction of the track and running

gear due to the pounding of the wheels and the easier the hauling

of the trains."

Dr. P. H. Dudley, who has made careful measurements of the tractive

force with a dynamometer, says

:

. "Instead of making rail sections simply heavy, I have made
them very stiff, which has reduced the deflection, or wave motion,

under each of the wheels. Comparing the resistance of the Chi-

cagio Limited Express on the stiff 80-lb. rails with that on the

65-lb. rails, it makes a difference of 75 to 100 HP."
He designed some rails of 105 lb. per yard weight, nearly 100 per cent

stiffer that his 80-lb. rails, and estimated that on fast express trains he would
save nearly 200 HP. as compared with a worn 60-lb. rail.

If we admit, then, that it is desirable to make the rails as stiff as we
can with a given weight, it follows that the section should be such as to
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CROSS-SECTION OF PROPOSED PERMANENT WAY FOR STDUI RAILWAVt.

n
Fig. 1

give relatively great depth to distribute the metal somewhat equally between
the two members, and put the strained fibers as far as possible from the
neutral axis. It also follows that by making the roadbed under the rails

unyielding we tend to eliminate the wave motion which runs ahead of the
wheels, and thereby also reduce the work performed by the traction force.

The writer begs to submit herewith a design for a permanent roadbed
and track for railways, which he trusts will be received and discussed by
Engineers interested in railway construction and maintenance. (See
Fig. 1.) In this design it is proposed to begin the foundation of the
roadbed at subgrade or ground line by laying at the bottom a bed of

boulders, or, more properly speaking, large broken stones set on end, the
largest as large as can be handled by a man. On this is laid a layer of
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small broken stone concrete, making a total depth, of roadbed, under the

rails, of 2 ft. In the bottom layer of the concrete are laid sixteen j4-in. steel

wires long-itudinally, and one ^-inch wire every foot transversely. The
top layer of concrete is carried up between the rails so that the top of the

concrete will be flush with the top of the rails. In this concrete are to be

bedded tie-rods 1-inch in diameter spaced 18 inches center to center. To

Lsngitudinal Section

between Abutting Ends

of Concrete Blocks.

Layer or
' 5i)ftA$pha/t

^r'
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2$'
I

I Broken Stone may be used here
'

i

I where Roadbed h soft

Cross Section between Goqe Bars. Cross Section through Gaqe Bars.

Fig. 2

these tie-rods the rails are to be fastened by nuts, one on each side. The
threads on these rods and nuts are to be of a quality known as machine

work, and are to fit perfectly one into the other.

The rails are to weigh 100 lb. per yd., and are to be continuous in

lengths of about 300 ft. They are to be rolled in lengths of 60 ft. and

spliced with angle bars and turned bolts in the field. Where expansion and

contraction are to be provided for, the rail ends should be scarfed and one

end provided with slotted holes. At the expansion joints the concrete road-

bed should be discontinuous, so as to allow the concrete and track rails to

expand and contract with perfect freedom.
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The rails are to rest directly on the concrete, and are held in place
only by the tie-rods spaced 18 in. apart. All adjustments as to gage are

made by the nuts on the ends of the tie-rods.

The concrete should be so proportioned that no rupture could occur,

and the wire rods and tie-ro<!s buried in the concrete are designed to enable
the concrete and rails to act as a unit. It is not supposed that in this

form of track and roadbed all wave motion due to passing loads is

eliminated. On the contrary, if there must be a wave motion it is proposed,
first, that this motion shall be reduced to a minimum, and, second, that the

rails and the roadbed directly under the rails shall vibrate in unison. It

might be argued that the concrete will not submit to this motion and the

effect of impact on the rails. To answer this question we must refer to

*he wonderful drop tests made on concrete floors reinforced by wire rods.

It might also be argued that the rails cannot be held to resist the effect of

changes in temperature. If we assume that a length of 18 in. can be held,

and that every section 18 in. long is held exactly the same as every o'her
section there can be no question but that the entire rail, 300 ft. long, can
be held.

A roadbed and track built on this plan should require no attention othtfr

than such inspection as may be necessary to guard against derailments.

Again, on May 29, 1907, Mr. Schaub read a paper before the Western

Society of Engineers. This paper was abstracted and published in the

Railway Age issued May 31, 1907. After discussing quality of rails some-

what, Mr. Schaub proceeds as follows

:

"Increasing the weight of the rail in a track does not necessarily

make a better track than a lighter rail does. Something must be left for

the ties, ballast and substructure to do. If the original form of railway
track, with its strap rails laid on longitudinal timbers resting on cross-

ties, had been developed along these lines to its logical conclusion, the present
form of railway track would have been unknown. Let us see what are
some of the defects of the present cross-tie system of rail supixsrt : In the

first place it is not mechanical. Given a line of rails which have to carry
moving loads reaching 20,000 or 30,000 lb. and more per wheel, the loads

which they carry must be distributed over large areas. The cross-tie system
accomplishes this by inserting 16 to 20 independent supports under each 30 ft.

of rail, and upon the track department is placed the impossible task of
so adjusting these supports that each shall bear an equal part of the load.

This is the real secret of the enormous amount of labor spent on surfacing a

track, in order to carry trains at high speed, and it is a work that goes on
forever. Moreover, assuming a joint has not been kept up to surface, what
happens when a wheel passes over it? Within certain limits the ends of the

rail will deflect until the tie receives a firm bearing ; and all track shows,
more or less, the effect of the lack of continuity in the rail by the dip of the

rail at every joint. This happens in an instant, when the operation is

repeated by the next wheel, and so on. In Fig. 3, assuming the deflection

of the end of the rail to be "delta," when the tie reaches a firm bearing, the

equation shows that for a given deflection of a rail the fiber stress

varies directly with the distance of the outer fibers from the neutral

axis, and nothing else. In other words, if the rail deflects until the tie

brings up on a firm bearing, regardless of the wheel load, then the stiffer

the rail the more work it will be called upon to do, and consequently the

higher the fiber stress on the steel will be. Now, is this not approximately
what takes place under ordinary conditions? The load comes on the rail,

and if the rail lacks a firm lx;aring it will deflect until it finds a reaction.

The equation tells us that in order to reduce the work done by the rail it

will be necessary to reduce the deflection. In other words, make the ballast
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and substructure as unyielding as possible so that the rail will be relieved

from, a duty which it is not qualified to perform, and which it should

never have been called upon to perform.
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"To illustrate, let us assume that a fiber stress of 15,000 lb. per square

inch is acceptable for a working load, and "yl" for a 60-lb. rail to be 2.15

in., E equals 30,000,000, and "I" equals 40 in.; then for a 60-lb rail the

15,000X1,600
deflection is equals 0.124-in. equals J^-in. Whereas,

3 X 30,000,000 X 2.15

the fiber stress for an 80-lb. rail corresponding to a deflection of J^-in. is

18,000 lb. per square inch. In other words, for the same deflection, the
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80-lb. rail should have 20 per cent more breakages than the 60-lb. rail,

all other conditions being exactly the same. To be sure, this is only approxi-
mately true, but it goes to show that if the track could be made as smooth
and unyielding as a planer table an ideal condition would be realized. If
this is true, then the railroads are wasting their money in buying heavier
rails.

"But the usual argument against an unyielding roadbed is offered by
the Railroad Manager about as follows : He says the track must be elastic,

otherwise the rails would be destroyed or broken, and therefore the present
form of track must be maintained. Yet this same Manager will order the
heaviest rails to be placed in the track, to be supported on the heaviest
ties that he can procure and laid on the deepest ballast, to make a firm and
unyielding roadbed as near as can be made by such devices. If a rail could
be laid on a solid bed uniform throughout its entire length, so that every
part is supported exactly the same as every other part, where will the rail

break?
"But how shall a roadbed be built that will meet such conditions? In

the first place, the substructure upon which it is to be laid must be abso-
lutely unyielding, and its foundation must be free from all moisture or
below the action of frost. In some cases concrete walls must be built
upon which the superstructure is to rest. In other cases ptles must be driven,

.^T^ .:^^^-^r-..,.,,, ^T.^

IK«*..>S-' --w^^

Fig. 4

each case being treated as the conditions require. Upon this the super-
structure must be laid. This must be some departure from the cross-tie laid

on ballast. Nothing can be expected from any longitudinal support laid

on ballast, for it can be shown that unless some transverse support is given
to the longitudinals, it will be impossible to keep such a track in surface.

"In the Railroad Gazette, for March 15, 1907, there is an article by
Gustav Lindenthal, showing a form of steel longitudinal support for track
rails (see Fig. 4).

This shows a rock ballast under two longitudinals, covered by a sand
or gravel filling. Think of putting down a bed of clean rock for ballast, and
then covering it with sand, as though the difficulty in keeping the ballast

clean is not enough without mixing it with sand. Referring to the cross-
section of the steel longitudinal system shown, it will be seen that when
the system is in place, as the author shows, there will be a nice little prism
of broken stone supporting the steel girder upon which the rail is to rest.

Now when, with a good deal of labor this broken stone is packed into just

the right shape, why not put something into it that will keep it there, instead
of having it jarred out of place by the traffic? This form of track is being
tried experimentally by the Pennsylvania Railroad on the Philadelphia
division, and the experience the company is having with it is exactly as
should be expected. It is impossible to keep such a track in surface. The
reason for this is not difficult to find. Just turn the cut showing the
cross-section upside down, and if you assume the pressure on the ground as
uniformly distributed, you can at once realize the tendency of the prisms
under the rails to flatten out, and this is exactly what takes places in this
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form of track today. The system of longitudinal support will never prevail

unless combined with some transverse support.

"But how can this be accomplished? Take the present form, of track,

with cross-ties sawed to dimensions and surfaced on one side to uniform
thickness, laid on a rock ballast at least 16 in. deep. Insert steel I-beams
temporarily under the ends of the ties, so that each tie will have a full bear-

ing on the beam at each end (see Fig. 5).

"The steel beams are to be of the "Special" type, with broad flanges

as rolled by the Bethlehem Steel Company. The beams are tied together

by tie rods spaced two feet on centers, sO' as to confine the ballast between
the beams. On the ends of the ties previously laid, place a bond timber,

notched over the ties at least one-inch, and hold it down by means of a

hook bolt, passing through the tie, and anchored to the inside flanges of

the beams. An angle iron nosing on the inside of the bond timber serves

as a guard rail. After all is in place, the extraneous ballast, that outside

of the beams, is removed. No part of this operation need interfere with
traffic. In bringing such a track to surface, the entire structure is to be
lifted by means of track jacks placed under the flanges of the beams. After
the ballast is once in place, very little work should be necessary to keep such
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a track in surface. The ballast is confined between the beams, so that an
arch action can take place, with the thrust of the arch taken up by the tie

rods. This assuTnptiot7 makes it possible to find the tension on the rods and
properly proportion them.

"But, hovy does this form of track offer any advantage over the pres-

ent form, of track? Solely in the introduction of the longitudinal beams.
These beams are tO' perform two^ distinct functions. First, the special beam,
with a moment of inertia equal to five times that of an 80-lb. rail, should do
just five times the work done by the rail when both are working together
under the same conditions, neglecting the work done between the cross-ties

in either case. The work done by the rail would then be principally to dis-

tribute the load over the ties, and not to make up for the deficiencies in the
substructure, as it does now. Second, in confining the ballast, anii thereby
preventing the track structure from working its way down through the

ballast as it does now in the present form of track ; where under heavy
traffic the ballast is kept in constant motion during the passage of trains ; and,
as the particles of the granular mass are free to move, they follow the line

of least resistance, that is out from under the ties. This explains why the
ballast is so unstable, and accounts for the enormous amount of labor
necessary tO' keep a track in surface and alinement. With the proposed
form of track, on a solid substructure, this should largely disappear. After
this form of track has been proved by experiment to be correctly designed,

the timber should be removed, and the ballast replaced by concrete flush
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with the tops of the beams, forming a permanent substructure, upon which
the superstructure is to be placed. At the same time the steel beams can
be removed. This superstructure should be some form of longitudinal
support bedded in concrete, sO' as to distribute the loads over large areas,

offer perfect drainage and be absolutely imperishable and unyielding."

Following Mr. Schaub's papers of 1899 and 1907, we find in a pamphlet

abstracting a paper read before the American Concrete Institute, June 28,

1919, and published by the Portland Cement Association, the following

matter which includes mention of Mr. Schaub's designs for permanent track

structures and also the track designs of nine others, some of whom have

put their plans into actual tests. The pamphlet is given complete for

information and for historical purposes.

CONCRETE RAILWAY TRACK SUPPORT

_
Practically all expenditures that have been made to improve railroad

facilities and equipment may be traced to the necessity of obtaining greater
traffic concentration. To this end the tractive power, speed and weight of
locomotives, the carrying capacity of cars and the strength of bridges have
all been greatly increased, terminal facilities have been enlarged and equipped
with special appliances for handling freight, automatic block signals installed

and millions of dollars expended in reducing ruling gradients so that

longer and heavier trains may be employed, and that the time required to

pass between given points may be reduced.
It seems almost incredible that the most fundamental factor concerned

with greatly increased density of traffic, namely the track itself, should
not have been given equal attention. O. E. Selby said in Bulletin 80, of
the American Railway Engineering and Maintenance of Way Association

:

"Railroad track has grown in strength as heavier loads have
made increased strength necessary, but such growth has been entirely
along empirical lines and not one single detail of track superstruc-
ture bears marks of engineering design."

It is true that heavier rails have been used, but the extra strength
afforded by these rails has not at all been in proportion to the increased
loads which they are called upon to carry. Ties have been spaced
closer together, thus affording some increase in bearing area on the ballast,

but this increase has lagged far behind the increase in wheel loads. A
greater depth of ballast has been used, but since there- is nothing to retain
this ballast in any given position it spreads out and is driven into the
subgrade by the heavy loads.

It is well known that any machine, structure or living thing, for that
matter, wears out with astonishing rapidity after a certain point of
strain is rtached and passed. The limit to the supporting power of the ordi-
nary track construction at which the track could be economically main-
tained was long since passed and the result is that we are now endeavoring
to keep in first-class condition a structure which is being continually stressed
beyond the point where such stress can often !>e repeated.

This accounts in a large measure for the fact that increased cost in
maintenance of track has largely nullified the advantage aimed at through
the expenditure of millions of dollars on motive power, grade reduction,
block signaling, improved terminal facilities, etc.

Rail Stresses.—The progress report of the Special Committee on
Stresses in Railroad Track of the A.R.E.A. for March, 1918 (Bulletin 205,
A.R.E.A.), points out that the "Rail stresses differ markedly according to
the condition of the track—freshly tamped track giving smaller stressed
than track which has been subjected to the action of traffic for a consider-
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able time after receiving a general surfacing." This report also shows
that what is described as "track in excellent condition" gives rail stresses

something like 6,000 lb. per square inch more than freshly tamped track.

Stresses as high as 40,000 lb. per square inch were found on cinder

ballasted track with 56-lb. rails carrying a switching locomotive. Stresses

of 25,000 pounds per square inch were found in 8S-lb. rails with 12 inches

of stone ballast with track in "excellent condition" and it must be remem-
bered that the rail stress is reversed many times with the passage of every

train.

It is the general practice to replace rails on heavy traffic high speed

track with new ones in a few years, regardless of the apparent condition

of the rails. Evidently even a slight decrease in the new rail section

due to wear, together with such internal weaknesses as develop in the rail

imder traffic, are considered to have sufficiently cut down the small "factor of

safety" as to warrant rail replacement. Furthermore, track in "excellent

condition" is not the kind of track that is resurfaced or tamped, and
before it is necessary to do this, the condition of the track has deteriorated

with consequent higher rail stresses and resulting rail breakage.

It costs money to take up rails, transport them and relay them in less

exacting service, and replace them with new ones. In addition, damage
to ties results and traffic is more or less interfered with. If rails were
not called on to function as girders and if they were given a non-yielding

support, the stress in them would be reduced, lighter rails could be used

and their life greatly increased.

Rail Fastening and Tie Depreciation.—The rail fastening is a

"burning question" in track design, but the difficulty of devising an ideal

fastening lies largely in the type of construction in use. Track rails are at

least partly continuous and have numerous but not fixed supports. When-
ever positive deflection occurs, there must, therefore, be negative deflection

and a negative reaction of considerable amount results. Rail deflection,

first one way and then another, rocks the ties, producing rail cutting, and
with the uplift due to negative bending, loosens and pulls the spikes.

Plugging holes and respiking is the only alternative followed. This is not

only costly in itself, but contributes materially to the deterioration of the

ties. Attempts to remedy these defects have no logical chance of success

with the present deficient type of subconstruction and the relatively soft and
impermanent tie material. Rails having a continuous support would suffer

practically no negative bending and consequently no negative reaction would
be produced. This would simplify the rail fastening device.

Wooden ties, once plentiful and cheap, are now not only costly, but

sometimes difficult to obtain. Large increase in the number and amount of

wheel loads has greatly aggravated the conditions causing rapid depreciation

of ties. These loads cause stresses in the ties far beyond what would
be allowed in buildings or bridges, and subject the ties to weakening from
rail and tie plate cutting and repeated spiking, as well as abrasion and
chipping from the frequent tamping required.

Ballast Loss.—Experience has proved that ballast under "first-class"

track does not distribute the load uniformly to the subgrade, that large

quantities of it are pounded into the subgrade, that dirt is worked up into

the ballast, requiring much labor and expense for cleaning, and that the

ballast item of track maintenance has greatly increased. This is to be
expected. The load which the ballast receives from the ties is partly con-

centrated, and since the ballast is made up of individual particles having
very little cohesion, it has little value in distributing loads over the sub-

grade. The shape of ballast particles is moreover suited to penetration of

the soft material in the subgrade.

Fundamentals of Track Design.—-It should be apparent that the fun-

damental difficulty of obtaining a satisfactory track condition with the
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present type is in the type itself. The ideal track should be free from
large deflection under heavy loads and should maintain its position and
condition without constant attention. This involves a permanent track

foundation haz'ing sufficient longitudinal and transverse strength to dis-

tribute the loads to a well compacted suhgrade so that the load bearing poivcr

of the subgradc will not be exceeded, surmounted by rails held firmly in

place in such a way as to be easily adjusted or replaced. With a strong non-
deflecting support it would be necessary to provide only a smooth, hard,

wear-resistive contact rail supported throughout its length. Modern track

construction is a conglomeration of these ideas. The rail is at once a contact

or wearing surface and a girder acting to distribute the load to the ties.

Further, instead of the ties affording strength to distribute the load uni-

formly to the ballast, they are given a spacing so great that each acts

independent of the other excepting as affected by the strength of the rail,

and they are of such size, strength and material as to be easily deflected.

Types of construction designed to approach the fulfillment of the re-

quirements outlined have occasionally been proposed. Three general types
of such designs are noted as follows

:

First—Longitudinal stringers under the rails.

Second—A slab laid directly on the subgrade and carrying ballast and
ties.

Third—A slab laid directly on the subgrade and carrying the rails

either directly on the slab or with blocks or longitudinal stringers between
the rails and slab. In this type no ballast is used.

In the early days of steam railways the first type of construction was
used. The old strap iron track really represented the idea of a longitudinal
support for the rail or wearing surface proper. The longitudinal wooden
stringer to which the strap was connected was expected through beam
action to carry the loads and the strap merely to form a hard smooth
surface on which the wheels should run.
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—

Design of Track Proposed by Engineering News in An Issue
OF January, 1899.

In January, 1899, the Engineering News published an article by J. W.
Schaub, entitled "A Design for a Permanent Track for Steam Railways,"

and in this same number a staff article appeared on the subject. The
design proposed in the staff article is presented herewith as Fig. 2 and 6. An
advantage claimed for this type is that by carrying the longitudinal girder

below frost line, all track heaving would probably be prevented. The text



862 Roadway

of this article discusses in an interesting way some objections usually

raised to solid track support

:

"Doubtless the very first objection which will be brought
against this design will be that it is lacking in elasticity. The story
has been retold time and again in engineering literature how on some
oi the first railways ever constructed the rails were laid directly

upon stone blocks, and it was found that the vibration due to the

lack of elasticity in these supports brought about the rapid wear
and deterioration of the rolling stock. From constant repetition of
this story can be traced the belief that elasticity is a necessary
element in a railway roadbed; let us see how much there is in it.

In the first place, it is easy to see that an elastic rail support was far

more necessary with the rough cast-iron or wrought-iron rails

of the '30's than it is with the wonderfully perfect steel rails of the

present day. The fact is, of course, that the need for elasticity

is in proportion to the amount o>i shock which is to be taken care of.

One can easily understand how those rough old rails, with their

frequent joints, resting on granite blocks not too smoothly dressed,

may have been rapidly pounded out under the traffic ; but it does not
follow at all that modern steel rails secured to a smooth and un-
yielding concrete foundation would suffer as did those early rails, or

would cause wear and deterioration of the rolling stock.

"As many of our readers are aware, the latest and most suc-
cessful system of street railway track construction dispenses entirely

with ties and places the rail directly upon a longitudinal beam of
concrete.

"With this system of construction, according to our best in-

formation, experience shows a smoother riding track and less wear
of carsi and machinery than with rails laid on cross-ties in the
ordinary fashion. Here, it seems to us, is sufficient precedent for

what we may call the "concrete longitudinal" system of track con-
struction to secure for it at least a fair hearing." * * * *

Vlnchor bo/i^
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Fig. 7.

—

Concrete Street Railway Track Support and Pavement
Designed by E. R. Horton

Fig. 7 shows a type of track construction designed by E. R. Horton,
Jr., and used in Anderson and Greenville, S. C, and Charlotte, N. C,
for street car track construction. This is in reality the longitudinal girder
principle. The rails are embedded in the concrete and rest on a continuous
plate.

Recent inquiry in regard to the condition of this track indicated that the

construction has been found satisfactory in every particular after four
years of service, that vibration has not caused deterioration of the concrete

and that even the paving between the tracks is generally in good condition.
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Examples of general Type 2, involving a concrete slab carrying ballast
in which ordinary track ties are embedded, is shown by Fig. 9. This
construction was placed under 49 crossings, switches and slips on the Long
Island Railroad at Jamaica, N. Y. The work was put in during the winter
of 1912-13, on embankments composed of sand averaging 20 feet high.
Portions of the slabs were placed without allowing time for the embank-
ment to settle and the traffic over these slabs has been extremely heavy

F i p^ wx m
stone <>> ballast
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Fig. 9.

—

Tr.\ck Construction in Use on Long Island Railroad at
Jamaica, N. Y.

from the day it was put in, running as high as 1,300 train movements per
day. After 3J/2 years, J. A. AlcCrea, General Manager of the Long
Island Railroad, reported that there had been practically no maintenance on
the track. Mr. McCrea goes on to say that the great advantage of the
slab is that the bearing surface on the natural ground is increased about
three times over the usual method. It will be noted that these slabs are not
reinforced and that they are only 8 inches thick. It should also be noted
that they have been subjected to the pounding that occurs at crossings and
frogs. There can therefore be no question of the practicability of such con-
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Fig. 10.

—

Concrete Track Support Proposed by J. W. Schaub in 189';

struction under main line track, but where so used it would seem appropri-
ate to reinforce the slabs and to construct curbs at their edges to prevent
Ixillast from spreading.

It has become very common practice to use reinforced concrete slal)s

to form the decks of deck girder railroad bridges. These slabs are usually
about 1 foot thick, 5 feet long and span the distance between girders. The
ballast is retained by curbs at the ends of the slabs. The testimony of
railroad officials in regard to this construction is that when the ties are once
embeddetl they stay in place and that maintenance is very greatly reduced.

Fig. 10 shows a design for a concrete track support proposed by J. W.
Schaub in 1899. Mr. Schaub proposed to lay 100-lb. rails directly on the
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concrete. By specifying such a heavy rail section, full advantage was
not taken of the continuous support afforded by the concrete, thus relieving

the rail from all bending stresses. The 12 inches of boulders called for are

evidently unnecessary.

In 1905, Mr. Schaub proposed a modification of his previous design,

as shown by Fig. 11. In this design he provided a longitudinal wood stringer

between the rail and the concrete. This is evidently a concession to the
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Fig. 11.—J. W. Schaub's Modified Design of Concrete Track
Construction, Proposed in 1905

notion that some elastic medium must exist between a track rail and a solid

base. It also affords an opportunity to use the ordinary type of rail fasten-

ing and toi replace or adjust the rails with facility. The 18 inches of rubble

concrete shown on this design is unnecessary. All stress requirements will

be taken care of by making the slab 12 inches thick and resting it directly on
a well-compacted subgrade.

The tracks in the second Bergen Hill tunnel of the D. L. & W.
R. R. are carried on reinforced concrete slabs, details of which are shown
by Fig. 12. This construction was designed by Lincoln Bush, who' was
then Chief Engineer of the D. L. & W. Railroad. Under date of Octo-
ber 3, 1916, Mr. Bush said, in regard to this construction

:

"It was completed and turned over for service in February,
1909. The roadbed in the new tunnel has stood up exceedingly
well and none of the creosoted tie blocks has been renewed so
far as I have learned on recent inquiry.

"My idea in getting out this design was if railroad track
could be made perfectly rigid and unyielding that there would be
no pounding or unusual stress in the rails. The roadbed in the new
tunnel referred to has been in service under the heaviest kind of
traffic since February, 1909, and has demonstrated fully that if track
is made perfectly rigid it will stand up against the heaviest kind of
traffic.

"I am convinced that with a perfectly rigid surface there will

be no pounding and serious damage in railroad track unless some
defect existed such as flat wheels. Such conditions, however, are

corrected when they do arise with the railroad rolling stock. I have
felt for some time that with the heavy rolling stock the best bal-

lasted track had practically reached the limit of loading and if the

heavy rail is used, the support of same on tie ballasted track is

not like the abutment of a bridge, as ties yield, causing deflections

in the rails, and it will be found that even with a heavier rail the

stress may be greater in the rail than with a light and less stiff

rail section which lends itself more readily to deflection."

The tie blocks are notched at the outer end to form a shoulder and
are in position when the concrete is placed. A wedge is driven in between
the concrete and the opposite side of the block, preventing it from being

disengaged from the shoulder under traffic. The blocks are replaced by
removing the wedge, pushing them longitudinally with the track so as to

disengage the shoulder, and slipping them from under the rail. This
work can be done by one man.

Fig. 13 shows the concrete track construction in use in the Pennsylvania

Railroad Terminal Station, New York. A single track length of 14,600
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Fig. 12.

—

Concrete Track Construction in Bergen Hill Tunnel of
D. L. & W. Railroad. Built in 1909 and Designed by Lincoln Bush
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Fig. 13.

—

Concrete Track Construction in the Pennsylvania Railroad
TrRMTXAT. Station, New York
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feet of this type was laid adjacent to platforms. In general, the concrete
was laid on the rock of the subgrade, but where the subgrade consisted
of loose rock backfilling, the concrete slab was reinforced. A length of
720 feet of similar construction is in use in two of the East River Tunnels
(Nos. 1 and 2) immediately east of the Long Island shafts. These
sections of track are subjected to high speed traffic.

Top of concrete
betvysen ties-i

7'5crsw spike

-A'-3'xio'

Note- Corn£!orison"

Fig. 14.

—

Cross-Section of Concrete Track Construction on the Chi-
cago Junction Railway in Chicago. Built in 1911 and Patented
BY Louis H. Evans.

In 1911, 500 feet oi concrete track support was installed on the Camp-
bell Avenue line of the Chicago Junction Railway where it crosses the
Illinois and Michigan Canal. Details of this construction are shown by
Fig. 14. This construction is patented by Louis H. Evans, of Chicago, and
was installed on the Chicago Junction Railway as an experiment, the loca-

tion being selected with a view to subjecting it tO' very heavy and continuous
traffic. A majority of the stock trains going to the Chicago Stock Yards
pass over this track. A thorough examination of it indicates that the

construction has not suffered from the heavy traffic which it has carried.

G. W. Hegel, Chief Engineer of the Chicago Junction Railway, states that

there has been no maintenance on this stretch except renewal of a few of
the tie blocks. Tie blocks are spaced 34 inches centers. Such a spacing
would not be allowed with the usual ballast and tie type of construction,

Fig. 15.

—

Campbell Avenue Line of Chicago Junction Railway,
Showing Installations of Concrete Track Support
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but with this unyielding non-deflecting track foundation, it has been found
to be practicable. Mr. Evans sums up the comparison of this construction

with the usual type as follows : Weight of train distributed over three times

the surface saves 0.6 of the ties. The cost for 20 years is one-fourth of
rock ballasted track.

On the Point Defiance Line of the Northern Pacific Railway, Washing-
ton, there were constructed, about five years ago, 2,000 feet of track with a

concrete slab foundations. Details of the three types used are shown by
Figs. 16, 18 and 20. In general, these three types of construction consist of

a reinforced concrete slab provided with recesses or troughs for the recep-

tion of wood blocks or stringers to carry the rails. The short tie blocks

of Type I, Fig. 16, rest on two longitudinal 3 by 6-inch pieces in the bottom
of a trough at each side of the slab. The space between tie blocks is

filled with ballast. Drainage of the troughs is provided at intervals. There
is a total of 594 feet of Type I construction. The slabs are cast in 16- foot

5^-inch length. (Fig. 17 is a photograph of this type.)
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Fig. 16.

—

Cross-Sectiox of Type A Reixforced Track Construction on
Northern Pacific Railway

Fig. 17.

—

Point Defiance Line of the Northern Pacific Railway,
Showing Installation of Type A Concrete Track Support
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Type B, Fig. 18, is 6 inches wider than Types A and C, and is dis-

tinguished by a curb practically equal to height of rail along each side.

There are also 594 feet of single track of this type in service. In this type,

recesses are cast into the slab into which the tie blocks are placed and wedged
into position. The rails were then fastened in the usual way with tie plates

and screw spikes. In the bottoms of the tie block recesses, 3 inches of sand
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Fig. 18.

—

Cross-Section of Type B Reinforced Q)Ncrete Track Support
ON Northern Pacific Railway

are placed to afford a cushion. On top of this sand cushion the creosoted
tie blocks are placed and wedged at the inner end by key blocks. L-shaped
malleable iron shims are used at the other end of the tie blocks with one
leg of the L resting on top of and fastened to the tie block. This allows
lining and gaging of track. These slabs are cast in lengths of 32 feet 11

inches. (Fig. 19 is a photograph of this type.)

Fig. 19.-

—

Installation of Type B Concrete Track Support on Northern
Pacific Railway
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Type C is sliown in detail by Fig. 20. The distinguishing features of
this type are that the concrete is carried up 3J^ inches near the inside of
each rail and sloped to center of track for drainage, and that the rail rests

directly on a continuous longitudinal stringer of 6 by 10-inch creosoted fir.

These stringers are fastened at intervals by long lag screws driven into

wood anchor blocks embedded in the slab. The slabs have a depth of 18
inches at the center and were molded in lengths of 16 feet 5j^ inches. There
is a total of 810 feet single track of Type C. (Figs. 21 and 24 are photo-

graphs of this type.)

While neither the first cost of the concrete track foundation on the

Northern Pacific Railroad nor the annual maintenance cost of it are

available, yet the railroad officials say that the maintenance has been far

below that of track of the ordinary type of construction on the same line.

The greater part of this maintenance concerns the wooden blocks to which
the rails are fastened and more especially with respect to Type B. In this

type the contra flexure of the rails works the key blocks out in spite of the

fact that they are spiked to the tie blocks. The negative reaction of the

rails can be provided for by anchoring them to the slabs.

Fig. 20.

—

Cross-Section of Type C Reinforced Concrete Tr.ack Sitiort,

Northern Pacific Railway

Fig. 22 shows a suggested design for concrete track support. The
form work required for this slab is of the simplest sort. The design of

the slab is based on Cooper's E-60 loading with 100 per cent impact.

This design does not require any radical departure from the usual type

of rail fastenings, that is, a rail clip is used similar to those now standard.

There is, however, a very great difference between this rail fastening and
the usual cut or screw-spike used with wooden ties. In this concrete design
a U-shaped casting is embedded in the concrete and the up-standing legs of

the U are tapped to receive the threaded end of holding down bolts which
pass through the rail clips, tie plate and tie block. A positive fastening
which has great strength against lifting the rail is thus secured. The use
of a block of wood under the rail in this design is at once a concession to

the prevalent idea that sonic clastic medium must always intervene between
a track rail and a solid foundation, and a means for easy adjustment of the
rail both vertically and horizontally to provide for whatever inetiualities

may exist in the top of the slab at the time of being placed. The latter is

the only sufficient reason for using this tie block, and where the slab is placed
on well-compacted subgrade, the rail may be anchored directly to the con-
crete. Drainage would be taken care of by finishing the slab to a slight

crown between the rails and furnishing openings beneath the rails at

intervals.



870 Roadway

Fig. 21.

—

Northern Pacific Railway in Washington, Showing
Installation of Type C Concrete Track Support
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—

Suggested Design for Standard Concrete Railway TrI^ck
Support
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Economic Considerations.—In the final analysis, the use of con-
crete track construction will be governed by economic factors. Will it pay?
Will the economies and advantages derived from it afford an adequate
return on the cost of installation? Every estimate that has been made by
those who have investigated this subject shows even the "visible" income
entirely sufficient to warrant the extra expenditure necessary to place con-
struction under heavy traffic track whether on new construction or on exist-

ing lines.

J. W. Schaub estimated in 1899 that the construction shown in Fig.

1 would effect a saving in maintenance and renewals of an amount sufficient

to pay 8.8 per cent per year on the added investment. If we credit Mr.
Schaub's estimate with the cost of the 12 inches of useless stone under the

concrete slab, we would have a yearly income of 11.7 per cent on the extra
cost. For the design shown by Fig. 6, it was estimated that the saving

on ties alone would pay 3 per cent on the extra cost of the concrete con-
struction.

Lincoln Bush, in an article published in the Railway Age Gasette, April

23, 1909, shows comparative tables of cost of ballast and tie double track
construction and the concrete slab construction shown by Fig. 12. The
result shows an earning on the extra cost of concrete slab construction of
over 40 per cent per year due to savings in maintenance and renewals.

A very recent letter from Mr. Bush says:

"Bergen Hill tunnel track has been in service under very heavy
traffic over 10 years and has fully demonstrated all I . believed it

would do, and is in good condition."

L. V. Morris, Chief Engineer of the Long Island Railroad, said in

1916 in regard to an adaptation of the design shown on Fig. 9 to main
line service:

"In constructing a new line I cannot conceive that the cost
would be over $2 per running foot, single track, for a slab ten feet

wide and eight inches thick. This would be in the neighborhood
of $10,000 per mile and is a very small part of the total cost of
a modern roadbed which I have in mind running anywhere from
$100,000 to $200,000 per mile single track. It seems to me that this

expense is justified, particularly as it supports practically the only
working part of the roadbed. This working part, namely track,
is the most expensive to maintain and upon its condition depends
largely wear and tear of the rolling equipment."

Note.—Actual costs given do not now apply, but changed actual
costs have left relative costs practically unchanged.

Estimates prepared with all possible care on the design presented in

Fig. 22 showed an income derived from reduced maintenance and renewals
on the concrete type of 18 per cent on the extra cost of constructing new
double track and 12.72 per cent on the cost of placing the slab under exist-
ing lines. None of these estimates, excepting those of Mr. Schaub, give
any credit for saving in motive power due to absence of rail deflection or
the reduced maintenance on equipment.

That there is appreciable resistance to the passage of trains due to
track deflection seems beyond question. The wheels are constantly tending
to climb to an ever-receding crest. As a matter of fact, while the wheel
may progress in a horizontal line, work must be done and lost on the rails,

ties, ballast and roadlx^d, which is measured by the force necessary to
produce the deflection and the amount of the deflection. The report of
the; Special Committee on Stresses in Railroad Track above referred to
indicates that for track in "excellent condition" the deflection under applied
loads is practically proportional to the load. Deflection curves are also
given for locomotive loadings. One of these curves is reproduced here-

A
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Fig. 23.

—

Track Deflection Profile of Static Load Tests on Illinois

Central Railroad

with (Fig. 23). By assuming that the work of deflecting the track is lost,

it may be shown by this curve that the work is equivalent to that required to

overcome the resistance offered by a grade of nearly .1 of 1 per cent.

For a 3,000-ton train this figures out as 1,600 HP. hours lost per 100

miles, which at 1^ cents per HP. hour is $24 to be charged against_ track

deflection in moving a S.OOO'-ton freight train over an ordinary division of

100 miles. Loss of time, extra labor and added wear and tear on equipment

greatly increase this amount.

Fig. 24.

—

Installation of Type C Concrete Railway Track Support,

Northern Pacific Railway, in Pierce County, Wash.

The present general type will doubtless survive on the less important

lines, but for heavy traffic track there seems to be no other reason^ why con-

crete support should not be more extensively used than possible difficulty in

financing the first cost. However, such financing will present no great

obstacle in view of the promising economies and advantages to be derived

from the closer approach to ideal track conditions afforded by a strong,

permanent, non-deflecting concrete track support.

The next example of Permanent Roadbed and perhaps the largest

and most complete installation which has been constructed up to the present

time is that of the Chicago Union Station Company. A description of this
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installation was written by Joshua D'Esposito, the Chief Engineer who built

it, and was published in the September, 1923, issue of Railway Engineering

and Maintenance. The article was also published in Volume 25 (p. 104) of

the Proceedings of this Association, therefore is not reproduced here.

In order to bring the subject up to date as fully as possible, Mr. Alfred's

paper, as published in the Railway Age of December 12, 1925, is given

in full:

A DESIGN FOR PERMANENT TRACK CONSTRUCTION

Reinforced Concrete Slab Shows Estimated Return of More Than
10 Per Cent on its Cost

By Frank H. Alfred and Paul Chipman*

The type of track now in use by the railroads was evolved very early

in their history and has been retained ever since without essential change.

To keep pace with the increase in the weight of equipment and the volume
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Fig. 25.

—

Typical Details of the Longitudinal Frame

of traffic, heavier rails with stronger fastenings of improved pattern have
been used, the depth of the ballast has l>cen increased, and the ties have been
placed closer together ; but the general arrangement is still the same. On
account of its adaptability to the varying conditions incident to the growth
of the railway system, such as an unseasoned roadbed and frequent changes
in line and grade, no other type of track could have served the purpose
as well, on the score of either efficiency or economy.

But on most of the railroads in this country a different set of condi-

tions is now encountered. Traffic routes have become fixed. Few changes
of line or grade which involve any considerable mileage are contemplated.

Embankments have become seasoned and, for the most part, show no
further settlement. Wheel loads art approaching the maximum which is

permissible, unless steel rails can l)e made both harder and tougher than at

present. The increasing cost of tics is only partially offset by the longer

•President and General Manager, and Office Engineer, respectively, of the Pere
Marquette Railway.
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life obtained by treatment. Suitable ballast is increasingly more expensive
and track labor is becoming scarcer and, measured in performance, more
costly.

A More Permanent Track Is Desirable

Altered conditions in highway traffic were promptly met by the de-

velopment of a new type of pavement. Likewise the street railways rapidly

developed types oi track structures which are well adapted tO' their peculiar

conditions. The time has now arrived when careful consideration should

be given by the railroads to the development of a type of track which is

more suitable to present conditions on heavy traffic lines. Some pioneer

work has been done along this line, both as to suggested design and actual

construction, experimental or otherwise. Of the former, J. W. Schaub's

Fig. 26.—A Suggested Design of Rail for Use on Concrete Slabs

contributions on the subject as long ago as 1907 are notable. (See Railway
Age of May 31, 1907, page 835, and Railroad Age Gazette of November 27,

1908, page 1431.) In 1919 A. C. Irwin described a number of such types

of track in a paper before the American Concrete Institute. The principal

cases of actual construction carried out up to the time of its publication are

described in Volume 21 of the Proceedings of the American Railway
Engineering Association for 1920.

Such an installation, even on an experimental scale, is necessarily

expensive; and before such expense is incurred it is desirable not only to

profit by past experience, but also' to consider such suggestions as may be
ofifered by all who are interested. This article is written in the hope that

the design of track herewith submitted and the estimale of the savings
which would result from its use will stimulate interest in this matter and
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will bring forth constructive criticism which will not only result in the

improvement of the design, but will also throw more light on the economic
value of a track of this type. Comments on the part of those who have
had experience in regard to track of the permanent type on either railroads

or street railways will be especially welcome.
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Fig. 27.

—

Proposed Design of Concrete Track Slab in Which the Rails
Rest on the Top Edges of the Reinforcing Frames

By permanent track is meant a track structure in which wear and
deterioration are confined as far as possible to the rail. The requirements
for such a track structure are most exacting,—so much ;o that in certain
situations they cannot all be met with the design here submitted, although

I
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it is not unlikely that a type of structure can be developed which would
meet even these severe requirements. Such conditions include fills that are

not fully settled, fills over sink holes or over ground filled with water
which may be removed subsequently by dra.nage, soils of such texture that

freedom from heaving by frost cannot be secured by thorough drainage, and
places where changes in connections with side tracks are frequent. However,
on old lines these situations comprise only a small fraction of the total,

and their existence need not interfere with the use of permanent track on
the remainder, if such use is advantageous.

Such a structure must be wide enough and strong enough to distribute

the load over such an area that the bearing power of the subgrade will

not be exceeded. Allowance must be made for impact, for lack of uni-

formity in the support given by the subgrade, and for the present tendency

toward heavier loading. Temperature stresses must be taken into considera-

tion; and protection of the concrete under the rail from, disintegration due
to repeated shock from the passing loads seems desirable, although trial

may prove this feature not to be essential.

The method of attaching the rail should permit of its easy placing
and removal. Methods and type of construction must be such that the

rail, when laid in its prepared place, will have perfect surface and aline-

ment. However, the design should be such as to permit minor adjustment
of elevation by shimming, as occasional slight settlement may be looked for

even in seasoned fills, and changes in traffic conditions may make a change
in the super-elevation of curves desirable. Ease of insulation is another
feature that must not be overlooked. As there will be occasional situa-

tions where it will be desirable to retain the present type of track, any
design should permit an easy and practicable connection of the two types

of construction.

These features have all been considered in the design submitted here-
with. The supporting slab of concrete is 10 ft. wide and 18 in. thick.

Assuming the use of 39- ft. rails, the concrete would be cast in sections of
that length. The rail rests on the edges of two plates which are embedded
in the concrete, and are perforated in order to provide better bond and more
bearing on the concrete. These serve a fourfold purpose: (1) To distribute

the load and impact over a greater area of concrete; (2) to protect the

concrete from shock and possible distintegration due to direct contact
with the rail; (3) to afford a means of attaching the rail; and (4) to insure

a setting for the rail which is absolutely true as to line and surface. In
addition, they form a guide for striking off the concrete surface in finishing.

A Truss Reinforcement Is Employed

The plates which form the rail seat also form the upper chord of a
light truss, the lower chord of which serves as a part of the longitudinal

reinforcement. The vertical members of this truss serve to anchor the
rail seat to the concrete, and are extended below the lower chord, so that

they may rest upon stakes driven accurately to the elevation of the subgrade.
This truss would be shop-made, and the bracing and riveting need only be
of sufficient strength tO' prevent distortion while handling. When set in

place, these trusses are connected by adjustable tie rods spaced 6 ft. apart,

and also by the brace frames shown on the drawing. Four of these brace
frames are used for each 39 ft. section. One of the tie rods forms the
upper member of the brace frame. This arrangement gives a rigid frame-
work which can be set accurately in place and will remain undisturbed while
the concrete is being placed. It will also serve to transmit the loads into the
mass of concrete.

Longitudinal reinforcement consists of four ^ in. bars and four J^ in.

bars in addition to the two 1^ in. by 1^ in. by J4 i"- angles which constitute

the lower members of the trusses. The ratio of longitudinal reinforcing
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metal is about 0.37 per cent. Assuming a Cooper E-70 loading concentrated

under the axle, with 50 per cent allowance for impact and uniform bearing

on the subgrade, the tensile stress in the steel would be about 9,000 lb.

per sq. in. and the compressive stress in concrete would be about 200 lb.

per sq. in.

Transverse reinforcement consists of J^ in. square bars spaced 18 in.

center to center near the base of the slab, and Yz in. square bars spaced 18
in. center to center near the top of the slab. Where brace frames and tie

rods occur other transverse reinforcement is omitted. Assuming the 70,000

lb. on a pair of drivers to be uniformly distributed over a longitudinal dis-

tance of five feet, and again assuming an impact allowance of 50 per cent

and that the upward pressure of the subgrade is uniformly distributed, we
obtain a unit tensile stress of 14,000 lb. for the steel and a unit compressive
stress of about 300 lb. for the concrete.

These unit stresses are ample to take care of any increase in future
loads, impact and unequal subgrade conditions. On account of the greater
length of the section as compared with its width and the consequent oppor-
tunity for more variability in the condition of the subgrade it is thought
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Fig. 28.

—

Alternative Design in Which the Rail Is Supported on a
Pair of Angles

desirable to use a much lower unit stress for the longitudinal reinforcement

than for the transverse. With modern methods of proportioning and making
concrete the maximum of economy may be obtained through designing the

concrete to meet the actual condition of stresses disclosed through experience

in the use of this type of roadbed. It might seem that some economy in

design could be attained by not using so thick a slab and using a higher

percentage of reinforcement. On account of the impact however, it is

believed that the additional mass obtained by using a greater thickness is

well worth its additional cost.

In order to facilitate construction the concrete slab should be poured
continuously, and not in alternate sections. A metal separator would be

placed at the end of the section being poured. After the adjoining section

has also been poured this separator would be removed. It is not planned to

leave any well-defined joints between the sections, on the assumption that

compression due to high temperature would easily be taken care of by the

concrete, the thickness of which would prevent any tendency to buckle; and

that tensile stresses would cause a cleavage at the end of each section, inas-

much as none of the longitudinal metal is continuous. When these joints

develop, they should be filled with tar, as is now done with concrete high-

ways. In construction the removal of the separator would be delayed

until at least a portion of the block ahead of it was poured thus giving the

block behind it a start toward setting and insuring a cleavage practically

along the plane of the separator.

The rail is held by rail-clips which are attached by bolts to stirrups
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bolted to the perforated plates and embedded in the concrete. The bolt is

placed with the head up and screwed into a nut which is inserted beneath

the stirrup through a recess provided for that purpose. This recess is only

slightly wider than the nut thus preventing it from turning. This arrange-

ment tends to lessen the danger of injury to the bolts in case of derailment,

and permits their replacement if injury should occur, or the substitution

of a longer bolt in case slight shimming is desirable. Nutlocks can be

used under the bolt head if desired. No angle bars or fish plates are neces-

sary, as the rail seat and rail attachments serve their purpose.

Secondary Considerations

With such a design, the rail no longer functions as a beam. A wearing
surface and a base for bearing and attachment are all that need be pro-

vided, so that a much lighter rail may be used than at present. A suggested

design for a 60-lb. rail is therefore shown, which it is believed would be
fully as effective as a 130-lb. rail under present conditions.

Rail anchors would not be needed. It is possible that creeping of rail

could be avoided by keeping the bolts near the center of the rail tighter

than those at the end. If this did not prove satisfactory, the rail could

be anchored by one or twO' bolts near its middle point, thus insuring the

expansion and contraction of each rail as a separate unit. If it should prove
desirable, which does not appear probable, to give a slight cushioning effect

and lessen the impact on the concrete, it is believed that a thin layer of

oiled felt beneath the rail would be effective. This felt should be treated

with some bituminous mixture in order to preserve it. This mixture should

not contain too much tar or asphalt, so that it will not become brittle and
break up in cold weather. Perhaps a treatment with crude petroleum would
be satisfactory. A layer of felt about % in. thick, compressing tO' a thickness

t"ff in. under the tightening of bolts which hold the rail, and further compress-
ing to perhaps one-half this thickness under an engine load, would prob-

ably go far toward reducing the shock upon the concrete beneath the rail-

seat. It would also lessen the noise. Insulation between any two sections

of track could be accomplished by substituting insulating fiber for the felt.

This insulation should extend from the rail joint to the end of the concrete

block.

Thorough drainage is essential. On fills made of sand no artificial

drainage would be necessary, but on other fills it should be taken care of

by tile drains just beyond the edges of the slab with frequent outlets tO' the

side of the embankment. In cuts the drains should be placed deeper and
under the cut ditches, in order to prevent ground water from reaching the

track. The proper functioning of these drains is a very important matter
and they should be of ample size and have good outlet facilities.

Conduits for carrying all wiring, such as telegraph, telephone, block
signals and train control, can be placed in the center of the slab as shown
in the cross section, or can be placed elsewhere in the section if desired.

It is not likely that such construction as here proposed would be used
to any considerable extent on single track, as its cost would not, in general,

be justified by the amount of traffic. Further, to build it on a single track

railroad would necessitate the construction of a temporary track to carry
traffic around the section of roadbed under improvement. This feature calls

for the consideration of pre-cast slabs, to be inserted under traffic. This
would seem to be entirely feasible, but it is not likely that as imiform a bear-

ing on the subgrade could be had as if the concrete were moulded in place,

which might result in a slight inequality of settlement of the pre-cast

sections.

On double track, however, traffic could be diverted to the track not
being improved, without undue expense or serious interruption of traffic.

Under such conditions it is probable that the pre-cast section would be
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more expensive, even taking into account the expense due to traffic inter-

ference. It is quite possible, however, that in certain situations this would
not be the case and the pre-cast method would be more desirable.

An Estimate of the Cost

The cost of a roadbed of this type will vary with the conditions exist-

ing at each installation, such as the cost of materials and labor, and the

amount of traffic. The following is an estimate of the cost under average
conditions, based on the assumption that the railroad company would pur-

chase and deliver all materials and handle the diversion of traffic, and
that the labor of placing the concrete, including unloading materials, would
be done by contract.

Estimated cost per mile of track with a concrete base
Material, furnished by railroad company

Rail and fastenings

70-lb. rail, 110 tons @$43.00 $4,730

5,000 rail clips, 3,200 lb @ 0.06 192

5,000 bolts and nuts, 4,000 lb @ 0.04 160
Transportation and storeyard ex-

pense, 114 tons @ 2.00 228
Total rail and fastenings $ 5,310

Concrete base, 18 in. thick, 0.5 cu. yd.

per linear foot

Proportions 1:2:4
Stone or washed gravel, 2,400

cu. yd @ 1.00 2,400

Sand, 1,200 cu. yd @ 0.75 900
Cement, 4,225 bbl @ 2.20 9,295

Structural steel, 176,000 lb @ 0.045 7,920

Reinforcing bars, 105,000 lb @ 0.03 3,150

Transportation (by carrier) 6,400

tons, 100 miles @$0.007 per ton
mile 4,480

Drain tile, 5,280 lin. ft @ 0.10 528
Felt, 2,000 sq. ft @ 0.06 120

Total for concrete base 28,793

Total material $34,103
Labor, by contract

Removing old track 500
Levelling ballast for subgrade 500
Laying tile drain, 5,280 lin. ft @ 0.10 528
Unloading materials, mixing, plac-

ing concrete and steel, 2,640 cu. yd. @ 3.25 8,580

Laying rail 750

Total contract labor 10,858
Engineering 800
Diverting traffic 3,000

Total per mile $48,761

Estimated cost per mile of rail and accessories in present track that would
be retired

100 lb. rail, 157.14 tons @$43.00 $6,757

Angle bars, 320 pairs, 22,400 lb @ 0.03 672
Bolts, 1,280, 2,900 lb @ 0.04 116

Spikes, 12,000, 7,000 lb @ 2.80 196
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Tie plates, 6,000 @ $0.25 $1,500
Rail anchors, 1,000 @ 0.25 250
Transportation and store yard ex-

pense, 200 tons @ 2.00 400
Labor installing 900

Total per mile $10,791
Net cost per mile of track with concrete
base $37,970

The Anticipated Savings

The advantages that would result from a permanent track may be
classified as follows

:

1. Reduction in the cost of maintenance of way.
(a) Ties, eliminated.

(b) Ballast, eliminated.

(c) Track labor, reduced to rail renewals and track walking.

(d) Probably reduced wear on rails and angle bars.

2. Reduction in the cost of maintenance of equipment.
3. Reduction in train resistance, resulting in

(a) Less fuel consumed.
(b) Greater tonnage per train, with fewer trains ; or higher

speed, with less train hours.

4. Greater safety, especially at high speeds.

5. More comfort for passengers, due to smoother riding and freedom
from dust.

6. Advertising value to the early users.

The last three items have a value that is very real, although so in-

tangible that it is obviously impossible to estimate it in money. This
value would be great for roads having a large volume of high speed pas-

senger business. The passenger traffic of today demands the highest

speed compatible with safety, and the same is true of certain classes of
freight. In general, track conditions are now the controlling factor in

limiting speed. With a track in perfect line and surface, and with no soft

spots and low joints, this would cease to be the case, and the high speeds
required to compete successfully with other forms of transportation could
be maintained.

Following is an estimate of the annual saving resulting from the first

three of the above items on a track having a freight traffic of 30,000 gross
tons per day and 6 daily passenger trains.

Estimated annual saving, per mile of track:
Assume average daily traffic as follows

:

8 tonnage trains of 3,000 tons, 75 cars 24,000 gross tons

4 less than tonnage trains of 1,500 tons, 40 cars. . . . 6,000 gross tons

Total freight per day 30,000

6 passenger trains, 8 cars each
Assume ruling grade of 0.5 per cent

Maintenance of Way:
250 ties at $2.00 $ 500
Ballast renewal every 10 years, 2,000 cu. yd at $1.50

(material delivered) 300

Track labor

Present cost, (Acct. 220), for assumed traffic $1,600

Less cost with concrete base
Labor on sidetracks, 0.5 mile per mile of main $200
Renewing rail, 6 year life at $750 125
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Track walking and inspection, 1 man at $1,200 per

year covering 6 miles $200

Miscellaneous labor 200

Total $725

Net saving track labor $875

Total saving, maintenance ol way $1,675

Maintenance of equipment

:

Present cost per day
18 locomotive miles at $0.40 $ 7.20

760 freight car miles at $0.16 12.16

48 passenger car miles at $0.032 1-54

Total per day $20.90

or $7,628 per year

Assuming a reduction of 20 per cent annual saving would be $ 1,526

Fuel:

Assuming a decrease in train resistance of 1 pound per ton,

5280
equivalent to a vertical lift of or 2.64 feet per mile.

2000
Total gross tonnage per day

Freight 30,000

Passenger .^
1,400

Locomotive 3,600

Total 35,000

Total per year, 12,775,000 gross tons.

Coal saved per year 12,775 X 2.64 X 5 lb. = 84 tons.

Saving per mile per year, 84 tons at $5.00= $420.

Increased tonnage rating

:

Present train resistance 6 lb. per ton

Grade resistance, 0.5 per cent grade 10 lb. per ton

Total 16

Assuming a decrease in train resistance of 1 lb. per ton, the

total resistance would be 15 lb. per ton, and the number of
tonnage trains would be reduced by -h, or 182 trains per year.

Cost per train mile, not including fuel

:

Train and engine men $0.40

Engine house service 10
Train and engine supplies 10
Maintenance of locomotive 40
Interest on locomotive 10

Total $1.10

Saving per year, 182 trains at $1.10 $ 200

Total saving per mile per year $3,821

Exiuals 10 per cent of the estimated cost.

If ruling grades comprise 10 per cent of the division, the application of

a permanent roadbed to the ruling grades only would result in a saving per

mile due to increased tonnage rating of 10 X $200 or $2,000. Adding the

other saving amounting to $3,621, the total saving per mile would be $5,621,

or 14.8 per cent of the estimated cost. A similar estimate, based on a
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freight traffic of 40,000 gross tons per day shows a saving per year per
mile of $4,950, or 13 per cent of the estimated cost ; and when applied to

ruling grades only, of $7,434, or 19.5 per cent.

The several parts of the present track are renewed at comparatively
short intervals, and it is therefore proper to deduct from the annual saving

as above estimated an amount sufficient to amortize the cost of the concrete

base during its probable life. If this life is 50 years or more, this amount
is negligible; and if the life is 35 jears it is 1 per cent of the first

cost, assuming interest at 6 per cent.

In the above estimate the reduction in maintenance of way expense is

the only item for which there exists a reliable basis. The figure of $1,600
per mile per year used for the present cost of track labor may seem
excessive to one accustomed only to figures representing average costs over
an entire railway system or an entire operating division; but when the cost

of track labor on the heavy traffic sections is kept separately, it will be
found to be much higher than the average. The figure used is based on
actual costs on the Pere Marquette, where a comparison of the cost of
track labor on the different operating divisions in 1923 and 1924 indicates

that such cost is approximately given by the formula

:

Cost of track labor per mile per year in dollars

gross tons per year= $275 H
8000

It is assumed that the cost of maintaining equipment would be reduced
20 per cent. This may be either too high or too low, as there is no basis

for an estimate; but it is reasonable to suppose that equipment running over
a perfectly smooth track would require less repairs and would have a longer

life than if subject to the innumerable shocks inherent in operation over
the present type of track.

There is likewise no definite basis for the assumption of a reduction

in train resistance of one pound per ton. There is doubtless a large amount
oi energy lost in shocks at rail joints in the present track structure ; and,

due to the imperfect elasticity of the roadbed, a further amount is lost in

depressing the track and pushing the main track wave ahead of the locomo-
tive and smaller ones ahead of each truck. This loss would be practically

eliminated with a track of the type proposed, but the decrease in train

resistance which would result can only be determined by experiment.
The conclusions to be drawn are that, for roads with heavy traffic, track

of the permanent type would result in a reduction of maintenance of way
expenses that would yield a moderate return on the investment cost ; would
probably further result in a large saving in maintenance of equipment and
cost of transportation; and would permit the safe operation of trains at

considerably higher speeds than are now permissible.

With a moderate return assured on the investment from the saving in

maintenance of way expense alone, it would be well worth while for any
road with heavy traffic to install one or more experimental sections of per-

manent track in order to determine its other economic values, and to

develop by trial the details of a practical design."

Beiore analyzing or discussing these various designs for Permanent

Roadbed or Permanent Track it is perhaps best to study the early history

of railway construction to determine, if possible, how the present form of

roadbed developed, or came to be adopted.

Some excellent history on the early railway track construction is found

in a paper which was presented before the American Society of Civil

Engineers, in 1890, by J. Elfreth Watkins, and which is published in

Vol. XXII (p. 209) of the proceedings of that Society, and reads as

follows

:
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DEVELOPMENT OF THE AMERICAN RAIL AND TRACK

By J. Elfretii Watkins

In considering the vast improvements made during the present century

in methods of transportation, I think there has been a tendency to over-

estimate the benefits which have arisen from the invention and improve-
ment of the locomotive, and to overlook what was done by those who
devoted time and thought to the development of the American system of
permanent way.

The slight improvement made in track construction in England during
the first quarter of the century, made the introduction of the locomotive
there possible.

Trevithick's locomotive of 1804, crude although it was, would have
been much more successful and would have brought him much greater

fame, as one of the first inventors of the locomotive, had the track upon
which it ran been constructed according to modern methods.

In this matter, as in many others, history has repeated itself. As the

improved roads in the past made it practicable tO' transfer the burden from
the pack mule to the wheel vehicle, and the traveler from the saddle horse

to the light, comfortable and rapidly moving carriage, so the development
of the iron railway of the nineteenth century has made it possible for

us to enjoy the safety, speed, and comfort of the express train of today,

drawn by the fleet and powerful locomotive.

Even before the locomotive was a practical machine the advantages of

the cast-iron tram-road were fully appreciated.

By careful calculation a distinguished London engineer, in 1802, found
that while it cost 3s. 4d. per ton, per mile, to transport bulky freight over
turnpikes, the cost on iron horse tram-roads was 4d., just one-tenth.

George Stephenson, while president of the "British Carrying Com-
panies," stated "that by the introduction of the horse tram-road the monthly
expense of that company for coal carriage alone had been reduced from
1,200£ to 300£.

An edition of "Wood's Treatise on Railroads," published in 1830, which
was one of the earliest and most reliable standard works on railroad sub-

jects, calls attention to the economical operation of the coal railroad, 9
miles long, near Mauch Chunk, Penn., then operated by horse-power, and
states that by this method "it has repaid its whole cost since 1827."

And the modern street railway, operated by horsepower, is able to

earn handsome dividends by carrying passengers, often for a greater

distance, at a lower fare than the steam cars.

Before taking up the question of the development of rails and track,

let us look into the circumstances that led to the construction of the early
iron railways, and particularly to the relations which existed between coal
and iron, and the railroad in the beginning.

Coal, Iron and the Railroad

That "necessity is the mother of invention" is nowhere better
exemplified than in the circumstances that led to the birth and growth
of the railroad.

The demand for that great necessity, coal—a necessity that became
more and more urgent as the forest disappeared to satisfy the demands
of a dense population—first directed thought toward devising improved
methods for transporting it from the collieries of Great Britain to the
adjacent navigable streams or near seaports.

Coal had been mined in England as early as the middle of the nintli

century.
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Henry III, in 1259, granted the privilege of digging coal to certain

persons in Newcastle, and by the beginning of the fourteenth century coal

had become an article of export. At that time it was called "sea coal,"

owing to the fact that it was shipped by vessel to various ports

Coal Mine Tram-Roads

The earliest railways in England were laid in the coal mines, and
from the mines to the adjacent water courses. These ways consisted of

squared timber rails laid in the ground, held to gauge by cross timbers,

to which they were fastened by wooden pins.

Roger North, in 1672, in his biography of his brother Francis, the

Lord Chancellor, describes a wooden railway which he had seen at New-
castle, during the reign of Charles II, as follows: "The manner of the

carriage is by laying rails of timber from the colliery down to the river

exactly straight and parallel, and bulky carts are made with rowlets fitting

these rails, whereby the carriage is so' easy that one horse will draw 4 or 5

chaldrons of coals." The Newcastle chaldron weighed 5,936 lb., so that

one horse hauled 8 or 9 tons.

Coal was mined in America as early as 1770, on the James River in

Virginia; and was used at the Westham foundry to manufacture shot and

shell during the Revolutionary War.
In 1825 coaf mining had commenced to be an industry in the Schuylkill

and Lehigh regions. In this country, as in England, the earliest railroads

were built in and from the coal mines, first at Mauch Chunk, Honesdale,

and Pottsville in Pennsylvania, and Chesterfield in Virginia, to the nearest

navigable streams.

The first locomotive that ever turned a driving wheel on a railroad on
the Western Continent was imported from England in 1829, for use on the

Delaware and Hudson Canal Company's road at Honesdale, Penn. I refer

to the locomotive "Stourbridge Lion", a full size model of which can be

seen in the Section of Transportation and Engineering in the United States

National Musuem.
As the supply of coal was increased by improved methods of mining

and cheaper means of transportation, it gradually superseded charcoal in

the manufacture of iron. The cost of pig iron was reduced from 16 £
10s. in 1660 to 3£ in 1760, and the price did not vary much from this until

the American Revolution cut ofif the supply of iron that England had been

receiving from the colonies. This was several years previous tO' the intro-

duction of steam pumping engines, which between 1775 and 1790—through

the improvements and inventions made by Watt, in the engines of Savery

and Newcomen—reached such a degree of perfection that good steam pumps
were put in every prominent colliery, so that the amount of coal mined
reached enormous proportions as the cost of mining it was lessened.

Iron Furnaces in England

The following tabular statement shows the growth of the iron

industry. in England during 85 years prior to the introduction of the loco-

motive, in 1825

:

Number of Production,

Furnaces Tons
1740 Charcoal iron 59 17,350

iToo S Charcoal iron 24 13,100
^^^^

I Pit coal (coke) 53 48,800

. ,„. J
Pit coal (coke) 121 124,879

^^^° /Charcoal none
1802 Pit coal (coke) 168 170,000

1806 Pit coal (coke) 227 250,000

1825 Pit coal (coke) 305 600,00C
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Thus coal, iron and the railroad, even before the successful introduc-

tion of the locomotive, had become three equally important pillars in the

foundation of the great systems of transportation, upon which has been

built the splendid structure of national development and commercial pros-

perity that has made the higher civilization of today possible.

Cast-iron First Used for Rails in England

The price of iron was materially reduced as coal became cheap and
plenty, and it at last became economical to use it in the construction of

rails. It is probable that the earliest iron used in track construction was
cast in plates 3 or 4 feet long, 2 or 3 inches wide and J4 or ^ of an inch

thick. These plates were doubtless spiked on top of the wooden stringer

rail where the wear was the greatest.

But timber was dear in England at the close of the last century, and
many attempts were made to devise a cast-iron rail that should be suited

to the traffic of the English tranirroads.

We have se\-eral models of the cast-iron rails which were used from
1789 to 1816. From them a fair impression can be obtained of the crude

ideas that the early English tram-way contractors had in regard to rails.

PATeNT Rail
17^9.

Plate XLIII

Fig. 1. Cast-iron Edge Rail, 1789. Patented in England by William

Jessop, engineer. Laid on a road in Loughborough. The rail was
fish-bellied, and at first was not supported by a chair, the wood or

stone block being hewn to fit the end of the rail. Near the ends the

rails had a fiat projecting base, in which there were holes for the bolts

which fastened them to the wooden block or sleeper. (Plate XLIII.)
Fig. 2. Cast Edge Rails, 1797, with joints supported by chairs (first

chairs adopted). These iron chairs were cast the reverse of the ends

of the rail, two bolts through the stem of the rail at each joint. Adopted
on the Lawson Main Colliery Road, Newcastle-on-Tyne, England, by

Mr. Barnes; first supported by wooden but finally by stone blocks.

(Plate XLIII.)
Fig. 3. Cast Edge Rails, 1802. Four feet 6 inches long. Invented by

Mr. Wyatt. Used on the railway at the slate quarry. Lord Penrhyn's

estate, near Bangor, North Wales. The general shape of the cross-

section of this rail was a hexagon. At each end of the rail a dove-tail

block, 2 inches long, was cast on the bottom. This was slipped into

a chair which had previously been attached by a bolt to the wooden or

stone support. (Never came into general use.) (Plate XLIII.)
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Plate XLIV

Fig. 4. Cast Tram Rail, 1803, "with flange higher in the middle and a
nib under the tread to add strength." Used on the Surrey Railroad,

England. These rails had a rectangular notch (half square) in the

ends, the joints being completed by one square-headed iron spike

(countersunk). (Plate XLIV.)
Fig. 5. Cast Rail with Concave Top, 1803. To be used by general road

wagon and to be embedded in common roads. Patented by Josiah Wood-
house. This rail was fastened to transverse cross ties by bolts slipped

into slits through the base. (Plate XLIV.)
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CAST TRAM RAIL
PENYOflRR EN, WALES

I804-.

Plate XLV

Fig. 6. Cast Tram Rail, 1804, 3 feet long. From the track from Peny-
darren Works to Glamorgan Canal, near Aberdare Junction, Wales,
upon which Trevithick's first locomotive, to help man, ran in 1804. This
original rail was a gift of J. W. Widdowson, Esq., London, Ejig., to

the United States National Museum, where it is on exhibition. (Plate

XLV.)

1
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LE CflNNS CAST TRAM RAIL
I80B.

(OOVE-TfllLJOINT.)

TopviCiV.

LO.SH3^STEPHEN50NS
PATENT CflSTRAIL

1516

Plate XLVI

Fig. 7. Cast Tram Rail, 1808, laid without bolts or spikes. Charles Le
Cann, of Llannelly, Wales, received a premium of twenty guineas from
the Society of Arts for the invention of this rail, which was ingenious

in construction. Projecting pins, pyramidal in shape, were cast on
the bottom of this tram-rail at the points where the stone supports

came under the rail ; the joints being dove-tailed into each other, dis-

pensed with the need of any other form of joint fixture. These rails

were about 5 inches wide, and weighed 42 lb. per yard. (Plate XLVI.)

Fig. 8. Cast Rail, 1816; patented by Losh & (George) Stephenson, of

Killingworth, Eng. With half-lap joint, through which a horizontal

pin passed transversely, joining the rails together, and at the same
time fastening them tO' the cast-iron chair. A large portion of the

Stockton and Darlington Railroad was laid with this rail. (Plate

XLVI.)
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Plate LXII

Frontispiece—Rail Rolled with Convex Top, Stem, and Base, 1830
(generally used on American railroads since that time; original section).
This rail was fastened to stone blocks with hook-headed spikes; at the

joints were iron tongues fastened to the stem of the rail by rivets put
on hot. Rails rolled in lengths of 18 feet, weighing 36 pounds to the
yard. The first standard of the Camden and Amboy Railroad, and
first rail ever rolled with a base. Designed by Robert L. Stevens,
president Camden and Amboy Railroad; manufactured by (Juest & Co.,
Wales, in 1830. (Plate LXII.)
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Rolled Iron Rails Introduced

Early in this century inventive genius increased the power of the

stationary engine and the efficiency of the steam blast and of the ma-
chinery for working and handling iron.

The puddling furnace, first used in 1784, was rapidly improved by
Henry Cort about the beginning of the century. He also invented and
introduced the rolling mill about the same time, so that it became possible

to roll iron rails cheaply. These were at first rolled in lengths of about
12 feet. We have models of these early English rolled rails. Drawings
from these are as follows

:

^^
LORD GflRLlSLES WRDT IRON RAIL

1811.

WROuGMTIRON RftIL

PAT'd BYJOHNBIRKENSMfli^.
/BSO.

5T£PM£N50N5 iVROUSnr IRON Rfl'L

L/MD ON MflNO/i£5r£H ftNO LIVERPOOL RY.

/B33.

Plate XLVII

SECTnRO'CHfliR.

Fig. 9. Wrought-iron Rail, 1811, with rectangular section, about 2 x 1J4
inches, used at Lord Carlisle's Coal Works at Tindell Fall, Cumberland,
Eng. (Plate XLVII.)

Fig. 10. Wrought-iron Rail, 1820; patented by John Birkenshaw, of the
Bedlington Iron Works, England. A clause in the patent specifications

reads : "The upper surface tO' be slightly convex to reduce friction.

The upper part to rest on supporting blocks, chairs and sleepers. The
wedge form is used because the strength of a rail is always proportioned
to the square of its breadth and depth. Hence this (wedge) form of
rail possesses all the strength of a cube equal to its square. The joints

are made with a pin." Birkenshaw's invention was ingenious in de-
signing the rolls by which these rails were fairly rolled in lengths of
18 feet. Cast bars were soon after dispensed with. (Model is made
from drawings and specifications, English patent No. 4503, to John
Birkenshaw, sealed October 23, 1820.) (Plate XLVII.)

Fig. 11. Wrought-iron Edge Rail, 1829, with fish-bellied web. These
rails were used by Stephenson in laying the Liverpool and Manchester
Railway. Chairs used at joints; rails 15 feet long, supports 3 feet

apart, weighed 35 lb. per yard. (Plate XLVII.)
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Porta geRJ^.
op Pennsylvania i?jj.

Plate XLVIII

Fig. 12. Rail (original), laid Portage Railroad, Pennsylvania. Imported

from England 1832; laid 1833. It was the original design to lay the

whole Portage Railroad with stone blocks and T-rail. (Plate XLVIII).

The Beginnings and Development of American Track

In 1825-27 a few isolated coal tram-roads existed in the mining regions

in Pennsylvania and Virginia, and in the stone quarries in Massachusetts.

These roads were laid with wooden rails, capped with thin merchant bar

iron. It was about this time that the Pennsylvania Society for the Promo-
tion of Internal Improvement sent an Engineer abroad to examine the

English railways. The report made by William Strickland, published (fully

illustrated) during the year 1826, shows that rapid advances in track con-

struction had been made in Great Britain during the preceding decade,

notwithstanding the fact that comparatively few locomotives were at work
and no steam railway for general traffic had been opened.

This report, without doubt, contained the most trustworthy information

obtainable at that time by American railway projectors.

But America presented a very different problem from England to the

pioneer railway builders. England was an old country, rich in commerce
and foremost in manufacture, of comparatively small area and very densely

settled, having a population of nearly two hundred to the square mile of

territory. At that time the population of the whole United States was less

than four to the square mile. The seven States, Connecticut, Massachusetts,

New York, New Jersey, Pennsylvania, Delaware and Maryland, where
most of the early railroads were projected, had an average population of

a little over 35 to the square mile.

English and American Engineers

The British railway projectors had the advantage of being able to call

into their service a trained force of civil engineers. These engineers were

generally coruiected with well organized scientific societies, and were ex-
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perienced in the construction of public works, and familiar with what had
been done for years on the coal tram-roads : men on whose judgment
the wealthy capitalist was willing to stake the money for the proposed

improvement. England had numerous machine shops, fairly well equipped

wiUi tools and stationary engines, and many coal mines and iron foundries

in operation. It was thus possible then to obtain without difficulty the

material for laying the tracks with heavy rails, firmly attached by strong

chairs to the sleepers that were imbedded in stone ballast.

With the exception of making the rail heavier, and using steel instead

of iron, and substituting an iron for the wooden cross-tie and improving

the splice chair, there has been no great change in the English system of

track laying in the last fifty years.

The Civil Engineers who were first called into the service of the Amer-
ican railroads were generally men connected with the army, who had obtained

their education at West Point, the only institution in the United States where
engineering was taught at that time, or they were canal or road engineers

who had obtained a little experience in canal and turnpike construction.

On the railroads that they built the curves and gradients were frequently

sharp and steep, as few cuts or fills were made. These cheap roads were
quickly extended, through a rapidly growing country, with a view to con-

nect the navigable water courses, and to unite with the steamboat companies
in forming systems of intercommunication. By the aid of these roads the

Western and Southern States rapidly increased in population and commercial
prosperity. In 1832 the South Carolina Railroad from Charleston to Ham-
burg, which was then the longest railroad in the world, 135 miles long,

was one long trestle work, with rails of squared timber, capped with
strap iron, framed to the tops of posts, where grading" would have been

necessary.

America Without Rolling Mills at the Beginning of the Railroad Era

When the cornerstone of the Baltimore & Ohio Railroad was laid in

1828 there was not a rolling mill in all the United States where rails oi
the character laid on the Stockton & Darlington Railroad could be rolled;

in fact, the only rails rolled in America for several years after was the

strap rail of merchantable bar iron 2j^ inches wide and §^ of an inch thick,

the holes for the spikes often being drilled by hand. The roads, such as

the Camden and Amboy, in New Jersey, Boston and Providence, Philadel-

phia and Germantown, and the Pennsylvania (then under State control),

which did not adopt this construction, were compelled to obtain their edge
rails and rail fastenings from England. "-;

The half century from 1825 to 1875 may be called the experimental
era of the American railroad, since the experience obtained during that

time has finally led tO' the adoption throughout the whole country of an
almost uniform standard of track construction (depending of course upon
the traffic). To the changes in form and the development of the American
rail during this period I particularly invite your attention.

The First Rail Rolled with a Base

From an examination of the minutes of the Board of Directors of the
Camden and Amboy Railroad, September, 1830, I find that in the instruc-

tion given to Robert L. Stevens, President and Chief Engineer of that
Company, who' had been ordered to visit England to inspect and report
upon railroad matters there, he was directed to purchase "all iron rail,"

which the management of that company preferred to the wooden rail

plated with strap iron.
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Mr. Stevens sailed a few days later, and it was during this voyage
that he designed the first rail ever rolled with a base, whittling several

cross-sections out of wood, which he obtained from the ship's carpenter.

He was familiar with the Birkenshaw rail, with which the best English

roads were then being laid, but he saw that, as it required an expensive

chair to hold it in place, it was not adapted to our country, where metal

workers were scarce and iron was dear. He added the base to the T-rail,

dispensing with the chair. He also designed the "hook-headed" spike (which
is substantially the railroad spike of today) and the "iron tongue" (which
has been developed into the fish-bar), and the rivets (which have been

replaced by the bolt and nut) tO' complete the joint.

I have hero a fac-simile of the letter which he addressed to the English

iron masters a short time after his arrival in London. The letter contains a

cross-section, side elevation and ground plan of the rail, for which he re-

quested bids. His letter reads :

"Liverpool, November 26, 1830.

"Gentlemen,—At what rate will you contract to deliver at

Liverpool, say from 500 to 600 tons of railway, of the best quality

iron rolled to the above pattern in 12 or 16 feet lengths, to lap as

shown in the drawing, with one hole at each end, and the projections

on the lower flange at every 2 feet, cash on delivery?

"How soon could you make the first delivery, and at what rate

per month until the whole is complete? Should the terms suit and
the work give satisfaction a more extended order is likely to

follow, as this is but about one-sixth part of the quantity required.

Please to address your answer (as soon as convenient) to the care

of Francis B. Ogden, Consul of the United States at Liverpool.

"I am,
"Your obedient servant,

Robert L. Stevens,

"President and Engineer of the Cam-
den and South Amboy Railroad

and Transportation Company."

The base of the- rail which he first proposed was to be wider where it

was to be attached to supports than in the intervening spaces. This was
afterwards modified, so that the base was made one width (3 inches),

throughout. Mr. Stevens received no favorable answer to his proposals,

but being acquainted with Mr. Guest (afterwards Sir John Guest), then a

member of Parliament and proprietor of large iron works in Dowlais,

Wales, he prevailed upon him to have the rails rolled at his works. Mr.

Guest became interested in the scheme and accompanied Mr. Stevens to

Wales, where the latter gave his personal supervision to the construction of

the rolls. After the rolls were completed the Messrs. Guest hesitated to

have them used, through fear of damage to the mill machinery, upon hear-

ing which Mr. Stevens deposited a handsome sum guaranteeing the

expense of repairing the mill in case it was damaged. The receipt for

this deposit was preserved for many years among the archives of the

Camden and Amboy Company. As a matter of fact, the rolling apparatus

did break down several times. "At first," as Mr. Stevens in a letter to

his father, which I have seen, described it, "the rails came from the rolls

twisted and as crooked as snakes," and he was greatly discouraged. At
last the mill men acquired the art of straightening the rail while it cooled.

The first shipment, consisting of 550 bars, 18 feet long, 36 lb. to the yard,

arrived in Philadelphia on the ship Charlemagne May 16th, 1831. The
weight of the next shipment, several months afterwards, was increased to

42 lb. per yard, the rail being 3j^ inches high. Over 30 miles of this rail

was immediately laid down.
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A few years after, on much of the Stevens rail laid on the Camden

and Amboy Railroad, the rivets at the joints were discarded and the bolt

with the screw thread and nut, similar to that now used, was adopted as the

standard. (See Fig. 13, Plate XLIX.)

FIQ.I3.

C/iMD£N Sc /^mboyR'y St/^noaro— /aJ7.

Plate XLIX
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Plate XLIX



Roadway

Fig. 14 (Plate L) shows how this rail was used on a superstructure on

the piHng through meadows and marshy ground.

The Stevens rail did not come into general use for several years,

the next road to adopt it being the Boston and Providence, about 1840.
^

On the Boston and Lowell Railroad, Massachusetts, the fish-bellied

rail was laid in chairs on stone blocks.

/iLBftNY& SCNENECmOY R.R. /Q37

FIO.IB.

Plate LI

The Albany and Schenectady road consisted of strap rail laid on longi-

tudinal sleepers of wood, supported on trenches filled with broken stone.

(See Fig. 15, Plate LL)
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On the Baltimore and Ohio Railroad, and the Columbia road in

Pennsylvania, the strap rail was attached to the edges of stone blocks,

which were laid on trenches filled with broken stones ; the corners of the

stone stringers were chamfered. (See Fig. 16, Plate LIT.)

FIC.I6.

Plate LI

I

On the Pennsylvania Portage Road, the English (Clarence) rail was
laid in chairs (1833). As late as 1847, the Hudson River Road used the

Stevens rail, supported by chairs, but these were soon afterwards discarded.

The First American Track

Mr. Francis B. Stevens, of Hoboken, N. J., informs me that in 1835

he was employed by the Camden and Amboy Company to make a profile of

the road bed from South Amboy to Camden. At that time, there were many
places (the longest being a piece 2 miles long, from the wharf at Amboy to

Deep Cut), where the Stevens rail was spiked to the cross-tie according to

the present practice. This was at first regarded as a temporary expedient

on account of the delay in getting stone blocks from Sing Sing. In the

meantime it was found that the wood ties were more satisfactory than the

stone, and all the stone blocks were replaced by wood ties. Without doubt
the Camden and Amboy Railroad was the first in the world to be laid

according to the present American standard.

The following extract from a letter written to me by Mr. Ashbel
Welch, Past President of this Society, March 18, 1882, is of great interest:

"The road superstructure for some distance from Bordentown
south (1832-33), was laid thus: Two white pine 3-inch plank were
laid on the ordinary soil, side by side under each rail, white oak
blocks, perhaps 6 by 5 inches high and 2 feet long, were laid across
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those continuous bearers, and the rails were laid on them. Holes 1

inch diameter, 10 inches deep, were bored 4 feet apart m the edges

of the plank and filled with coarse salt and plugged up. The salt

was all taken up by the wood in a few months I exammed this

substructure about four years after it was put down, in all cases

within a foot of the salt holes the wood was perfectly sound. 1 he

rest of the wood was more or less decayed. The oak blocks were

badly seasoned, cracked, and often split to pieces. If, mstead oi

blocks, ties 7 feet long had been used, it would have made a pretty

good road. If the salt holes had been 2 feet apart mstead of 4 feet,

and had been refilled every year, the continuous beams would have

lasted many years. The blocks on the bearers were at least m some

places salted, but the salt holes only hastened the splittmg of the

blocks."

In Johnson's "Notes on the Use of Anthracite," published in 1841, he

described tests of cast-iron rails made during that year at Lyman s foundry,

near Pottsville, Penn. These rails were designed for colliery railways.

They were only 6 feet long. For 3 or 4 inches at each end the rail had a

section similar to the Stevens rail ; for the remaining 5>4 feet the rail was

somewhat similar to the English bull-headed rail.

Up to the year 1842, when Congress passed the celebrated high tariff

law all imported iron rails were admitted to the country almost tree ot

duty The tariflf on manufactured iron, agreed upon by Congress, in that

year" increased the cost of English rails to such an extent that the railways

were forced to seriously advocate the erection of American rolling mills

for this special purpose.

Rails First Rolled in America

The first rail mill erected in this country was located at Mount Savage,

Allegheny County, Md. The first rail was rolled in the summer oilim.

In honor of that event the Franklin Institute of Philadelphia awarded a

medal to the proprietors in October, 1844.

The rail was of. the form, similar to the Evans (British) patent, and

the first few hundred tons manufactured were laid on the Baltimore &

Ohio Railroad, between Mount Savage and Cumberland. A section of this

rail which weighs 42 pounds to the yard, was presented to the Section ot

Transportation and Engineering in the U. S. National Museum, by the

late Colonel James Randolph, for many years Consulting Engineer of the

Baltimore & Ohio Railroad Company.

Swank, in his history of iron, states (page 344) "That the first T-

rails rolled in this country were made for the Montour Iron Company by

Haywood & Snyder, proprietors of the Co liery Iron Works at Pottsville,

the work being done at their branch establishment at Danville, Pa
,

1846.

Among other early rail mills were the followmg, with the date when

they began to roll rails:

Boston Iron Works .May 6. 1846

Trenton Iron Works (Cooper & Hewitt, Proprietors) June, 1846

New England Iron Co., Providence, R. I Sept. 1, 184&

Phoenix Iron Co., Phoenixville, Pa Nov., 1846

The rapidity with which American capital was diverted in this direc-

tion has for the last forty years been one of the great arguments used

by the advocates of a high tariff for the protection of American mdustnes.
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During the year 1848, a very interesting experiment was tried by the

Engineer of the Camden & Amboy Railroad. Arrangements were made
with Cooper & Hewitt at the Trenton Iron Works to roll a rail 7 inches

high with a base 4% inches wide; 15 miles of the Camden & Amboy road
were laid with this rail the following year. The engineer of that company
believed that he had at last solved the problem of track construction, inas-

much as this rail gave an admirable opportunity for a strong joint. By
experience it was found that this rail was so rigid that it produced so

much concussion by the train that the ends soon hammered out, and where
the ballasting was imperfect great damage was caused to the rolling stock,

consequently the rail was soon after taken up. Much of this old rail

found its way to the cities, where it was bought by architects and con-

tractors for building purposes.

The fact that this rail was rolled successfully resulted in the intro-

duction of the "I" beam for architectural purposes, Cooper & Hewitt hav-
ing done a large business at the New Jersey Iron Works, at Trenton, in

this line, ever since that time. Fig. 18 shows a section of this rail which
was laid between Bordentown and Burlington in 1849."

In the Report of the Roadway Committee, submitted to the Convention

of the A.R.E.A. March 17, 18 and 19, 1903, an historical sketch of American

Railways was presented. Among other data was the following:

"Of the early American roads the Quincy Railroad (1826) has fre-

quently been cited as the first, but its claim to priority has been questioned,

partly because in other cases much earlier rails had been used, and partly

because it was not for general traffic, but only for the carrying of granite

from the quarries to tidewater. In a similar way the Mauch Chunk Rail-

road was built for the conveyance of coal from the mines. It is, however,
true that the Quincy Railroad was the first which had the elements of

permanence about it, and which served as a model, enough to materially

influence later the construction of roads that were railroads in the complete
sense of the term. Especially was this true in the matter of its roadway,
part of which was occupied by the tracks of the Old Colony Railroad, now
operated by the New York, New Haven & Hartford Railroad Co

The history of railroads in this country therefore dates no further

back than 1826. The Baltimore & Ohio appears to have been the first

railroad complete in its character.

That the Baltimore & Ohio looked to the Quincy and the Mauch Chunk
Railroads for a precedent both as to alignment and track appears in part

from the fact that a special committee was appointed to visit these railroads,

and the statement made in its report in 1827 in the "Proceedings of Sundry
Citizens of Baltimore" that "Stone railways are by far the most sub-

stantial and durable that have yet been invented. This is apparent from
an examination of the railway at Quincy, where the iron bars are laid on
granite blocks '

"

Page 10: The use of broken stone under the track evidently dates

from the very inception of railroads in this country. It was also early

recognized that, if the broken stone was to be effective for drainage, an
outlet must be provided, and a drain pipe was therefore used for that

purpose. Modern practice is not always equally good.
The subject of Drainage, it seems, has always received some attention,

though often seriously inadequate. That suitable provision was made in

cuts is clearly shown by the instructions given in 1828 to the Superin-
tendent of Construction of the Baltimore & Ohio Railroad: "The width of
side drains shall be not less than three feet, and in side cuttings where only
one is required, its width shall be five feet. In deep cuttings in earth,
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sand or gravel, where the depth of the cut exceeds 40 feet, a berme six

feet wide, including a drain three feet wide, is to be provided for on each
side of the cut, and in all situations where the bank of a deep cut is sur-

mounted by an acclivity of any considerable extent, back drains of such
dimensions as the Superintendent may deem appropriate shall be formed
in the natural surface of the ground or in the rear of the spoil banks."

Provision was also made for transverse drains at least 18 inches square,

at intervals not greater than ISO yards in side cuttings or on sloping ground.
Broken stone also was to be spread for a depth of three inches and 20 feet

wide on certain parts of the road to be designated. Some of the drains

were to be paved.

In situations where bermes are required the width (26 feet plus three
times the depth of cut) will be increased by those of the bermes.

Apparently bermes were introduced in the face of the slope, and they
were to be built "at such altitudes as the Superintendent shall direct," and
"turned outward from the road at their extremities, and led into appropriate
drains in the rear of spoil banks on either side of cut." Also "French
drains shall be constructed of such size and form, and in such places, as the
Superintendent shall require." This apparently looks to under-drainage.
If this is true, the drainage scheme was substantially complete as early

as 1828."

Page 13: On the Baltimore & Ohio, at the start, the "Earthen Struc-

tures" were to consist exclusively of embankments and filling in abutments,
which were to be formed in such a manner as to render them uniformly
compact in all their parts. In order to accomplish these objects, the em-
bankments were to be formed of horizontal lifts or strata of a convenient
thickness, etc. .......

Page 14: As to the expected solidity of the bank, the "Narrative of

the Engineers," Baltimore & Ohio Railroad, 1830, sheds some light : "It

was the opinion of the Board of Engineers that a period of at least four or
five years would be required for that purpose, especially where the embank-
ment was of any considerable height. Accordingly it has ever been the

intention of the board to adopt wooden rails in such situations, with a view
to the substitution of more permanent ones when the embankment shall have
become sufficiently firm for their reception and support."

Similarly, Tredgold, in 1825, has stated that "Where embankment is

necessary, the rails should be put down in a temporary manner, till the
ground has settled and acquired its permanent degree of solidity."

From this and other similar statements about the same time it would
appear that the longitudinal stone blocks were regarded almost as much
in the light of a part of the roadway as in that of track proper."

This matter is quoted tO' show that the Engineers of a century ago had

a pretty thorough grasp of the principles of successful railroad construction

and maintenance, and since long stone slabs were then used for permanent

roadbed, there must have been reasons, taught by experience, which caused

their abandonment.

Still another bit of early railway history was recently published in an

industrial magazine, "The Toncan," which gives some information as

follows

:
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"NEW YORK CENTRAL ANNIVERSARY RECALLS EARLY RAIL
GRIEF

Canals Were Favored in 1826. Train Passengers Often Obligpd to
Fight Field Fires

Little accustomed is the traveler who rests amid all the comforts
afforded by the palatial Pullman trains of today to contrast his lot with
that of travelers on the first trains of America.

The recent celebration, however, of the one hundredth anniversary of

the founding of the New York Central Lines gives a pleasant reminder
of the progress of the railroad industry, as reflected in the growth of one
of its oldest children.

Looking back from this day of trains which make the New York-
Chicago run in twenty hours, the doubts of a century ago seem to belong
to some dark age of superstition rather than to any period of the life of

the United States.

The Doubts of Early Days

It was then generally believed that the new steam railway was imprac-
ticable except for level country and on straight tracks, and that grades
requiring literally auxiliary horsepower would prove an impassable obstacle.

Furthermore, canals had recently come into popular favor. They were
able to carry larger burdens. They cost less to build and operate.

So little faith could be summoned to the aid of the new method of

transportation that in the first fifteen years after the grant of a charter

to the Central's first ancestor, the Mohawk & Hudson Railroad Company,
nearly double the number of miles of canals were built in this country in

comparison to railroads. Four years were needed to raise the modest
starting capital of $300,000.

The new "Rail Road"—as distinguished from an ordinary highway

—

was chartered in 1826 to run from the Mohawk River at Schenectady to the

Hudson at Albany. For thirteen years horses drew the cars from the

tollhouse in Albany to the first incline, up which the trains were drawn
by ropes.

Tracks on Granite Blocks

Then the locomotive hauled the cars over twelve miles of level and
straight road to the Schenectady incline, from whose foot horses pulled the

train to the Schenectady tollhouse.

The company soon gave up its rails "upon rigid foundations to be set

below the frost line" and adopted an elastic roadbed with some give under
each passing wheel. The original track was laid upon granite blocks with
three-foot centers, set in broken stone, to which were bolted pine longi-

tudinal stringers about twenty feet long.

The rails could carry only the lightest engines. Loads greater than
two tons drew or broke the spikes holding the iron to the wooden stringers,

so that "frequently the facing ends of the rails (snake-heads) sprang up
above the center of the following wheel and curled through the floor of the
car."

So the present form of T-rail was gradually evolved. In 1847 the

company was required to lay iron T-rails, under penalty of suspension of
its dividends over one per cent per annum and the ultimate forfeiture of
its charter,"

This digression is made to show that masonry supported railway tracks

had their troubles, also to show that baiting the railroads is not a new
pastime.
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Some new and original history of the form, and of construction details

of some early track on the Baltimore & Ohio Railroad, has been furnished

by G. S. Crites, Division Eningeer of that road and a member of this

Committee, as follows

:

A section of this early masonry roadbed in its original location has

been found, and attached snapshots, as follows

:

(1) Section of stone block comprising a unit of four continuous

stretches of such blocks supporting strap rail for double track

construction.

(2) Another view of the same piece of stone is shown in Fig. 1

with 5 ft. measuring stick stretched thereon.

Fig. 1

(3)

(2)

(5)

(6)

Two foot trench cut crossways of original roadbed showing rela-

tive position of the four stretches of stone for double track.

Another view of the same piece of stone is shown in Fig. 1 with

Close up view of junction of two stone stretches with 18 inch

measuring stick showing spacing of spike holes for securing strap

onto face of stones.

Showing six original spikes found in excavations together with

5 inch section of original strap rail found in excavations.

From cross-section and original spikes and strap rails found in excava-
tions, a sketch (Fig. 7) has been prepared showing dimensions. It is to

be noted that the gage is determined accurately to be 4 ft. 8J/^ in. and the

distance from center to center of double track to be 10 ft.

The method of construction was to prepare subgrade and on to this

break up about 12 inches of natural stone in sizes of 2/5 down to finer

spawls. On this the four stretches of stone rail supports were laid to

true line and surface; then river sand was washed over the broken stone

and around the stretches of stone supports, completely filling the spaces

between broken stone and filling up to about three inches from the top of

the stone stretches.
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At this time horses were used to draw vehicles and to make footing

for horses and also to prevent sand from eroding by wind or water action,

a 3-inch layer of clay soil and clay was spread over the sand sealing the

entire construction.

Our records show that this method of construction was carried on in

1832 to 1835 and as near as can be determined approximately 18 miles of

this class of construction was completed, extending from Relay, 9 miles

west of Baltimore, to Marriottsville, 27 miles west of Baltimore. Attached
is sketch showing the location. (Fig. 8.)

It might be well to mention that the cross-section that was excavated
was on a 14-degree curve and the stretch of stones on the outside of the

Anacosti

Fig. 8

curve carried an elevation of 3.5 inches, showing that even at this early

period the principles of super elevation was brought intO' construction

methods.

Main troubles with this type of roadbed were

:

(1) Strap rails got loose from stones and tangled up with equipment.

In such cases the tangled up strap rails were known as "snakes."

(2) Maintenance of line, gage and surface expensive and difficult.

(3) Repairs account washouts, wrecks, etc., slow and difficult.

(4) Turnouts expensive and unsatisfactory.

From the historical data collected it becomes evident that the early

practice in railway construction was to lay timbers longitudinally, which
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provided both the supporting medium and the running face or rail. When
more permanence was found to be necessary, stone stringers, laid longi-

tudinally on rock ballast, or supporting material, was substituted for the

timber stringers.

It is of interest to notice in Mr. Watkins' article, quoted above, that

it was in the construction of the Camden & Amboy Railway in 1835 that

the rails were spiked to the cross-ties according to present practice, and that

this was at first regarded as a temporary makeshift, and was done on account

of the delay in getting stone blocks for the tracks. From this accidental

test, the wooden cross-tie construction was found to be more satisfactory

than was the stone block track and as a result of experience the stone

block track was superseded by the cross-tie track of the present general

pattern.

Supplemental to the early experience which caused the abandonment of

the early masonry supported tracks, the Committee has secured informa-

tion regarding some of the more recent installations of masonry (concrete)

supported tracks, which have been installed according to one or another of

the above described designs.

An installation of the Evans' design of concrete roadbed and track, as

described in the paper read before the American Concrete Institute June

28, 1919, and given above, was made on the Chicago Junction Railway,

where it crosses the Illinois and Michigan Canal, in Chicago. On May 17,

1926, Otto Gersbach, Chief Engineer of that company, advised the Com-
mittee regarding this test section, as follows

:

Attached is a statement showing cost of the concrete track support

under the track of the Chicago Junction Railway at the Illinois and Michigan

Canal. The total length of track included is as follows

:

First main 119 feet

Second main 417 feet

Passing track 118 feet

Total 654 feet of track

This track was constructed in June and July, 1911, at a total cost of

$1830.48.

Little maintenance work was required until two years ago when it

was necessary to renew the wooden blocks which proved to be quite

expensive.

In the same paper quoted above are illustrated and described the three

types of concrete track construction, tests of which were installed on the

Northern Pacific Railway, between Nisqually and St. Gair on their main
line, Tacoma Division, from June to September, 1914.

Types A and C are built of slabs 16)^ feet in length, while type B
consists of slabs 33 feet in length.

A report made in March, 1924, on the condition of these installations

states that the surface and line of type B remained good for the first
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three years, and after that period trouble was experienced on account of

being out of surface and Hne. In 1919 it was necessary to renew the

asphalt cushion, tie sills and tie blocks. In a short period the asphalt

cushions worked up, resulting in surface and Hne being poor. To overcome

these conditions changes were made in 1921, by omitting the asphalt cushions

and increasing the depth of the tie sills, and renewal oi the tie blocks,

placing drain holes at each tie pocket and sealing the tie pockets with self-

healing cement.

Type C—The line and surface remained good for the first six years but

then became rough, due to the creosoted rail sills crushing and splitting,

augmented by considerable moisture collecting in the recesses. In 1922

the rail sills were renewed and were sealed by the self-healing cement being

placed around them.

Type A—The line and surface remained good for the first six years,

since then the track has become somewhat rough. The original tie sills

and tie blocks are still in place. Surface and line at this time indicates

that the timber, cinder and gravel filling material should be renewed.

In regard to the surface and line of concrete roadbed vs. adjacent

track with timber cross-ties and ballasted, there is no appreciable difiFerence.

The annual maintenance cost (in percentage) as compared with adja-

cent track with cross ties and ballast is as follows

:

Type A—200 per cent greater on mile basis

Type B—673 per cent greater on mile basis

Type C—391 per cent greater on mile basis

The above figures are on the basis of actual maintenance costs to date

as reported by the Superintendent. Maintenance for adjacent track includes

labor and material.

The renewals made, on type B should have a life of about three years

and for type C about six years. Type A will require extensive repairs in

the near future.

TwO' types of ^ concrete roadbed and track are used by the Chicago

Union Station Company. One being slabs placed upon the subgrade with

a standard ballast section used on top of the slabs with cross-ties and rail

used in the usual manner. The other consists of concrete section with wood
blocks set in the top on which the rails rest and to which they are fastened,

the same as to the usual cross tie.

Regarding these types of track the Committee is informed that the

Union Station Company started building tracks on these slabs in the latter

part of 1920 and they were not all completed at the time Mr. D'Esposito

wrote the article mentioned above. The slabs on which the ballast was placed

cost from $4.29 to $5.59 per linear foot of track, depending on the time and

the conditions when the work was done. The other type of construction

was used in the station, no ballast being used with it. The cost of this

construction was from $5.60 to $7.14 per linear foot.
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The maintenance charges, so far, are said to be only one- fourth as

much on track laid in ballast supported by the concrete slabs as it is on adja-

cent track laid in ballast without the supporting slabs.

Regarding the concrete slabs used under the ballast on the Long Island

Railroad at Jamaica, N. Y., as described in the American Concrete Insti-

tute paper as given above, the Committee is informed as follows

:

"In 1912 and 1913 our first installation of this kind was made on the

Jamaica Improvement at Jamaica at most of the turnouts and slips to the

extent of about 73,000 sq. ft.

These slabs were built of 1-3-6 mix of Portland cement, sand and
gravel and constructed on a 21 ft. embankment of sand and gravel. At
the present time there are approximately 1300 train movements daily, in-

cluding both passenger and freight, through this section of the railroad.

During the 12 years in which these slabs have been in use, there has
been no maintenance necessary other than such as is required by worn
out track parts and a small amount of track surfacing. Last fall a cave-in

occurred under one of the slabs, requiring considerable backfilling. The
supporting slab held the ballast and track intact, the traffic being but little

delayed. Over these slabs there is very little pounding of frogs and
switches and no' apparent vibration.

In 1914 similarly constructed slabs were used on the Woodside-Win-
field Cut Off with similar results. In this case the conditions were somewhat
different on account of the underlying ground being soft for a depth of

4 or 5 feet.

At Bay Ridge slabs were installed at the heel of our four float bridges

in 1916. The underlying support consisted of old crib work and rip-rap

with a silt fill.

Some time ago a 4-inch water main burst under one of these slabs

but no unequal settlement was noted.

The traffic over the float bridges consists entirely of freight to the

extent of over 1000 cars a day and is handled with heavy locomotives.
Prints of VI/25 and 26 are attached on which are outlined in red

the slabs of the Jamaica Improvement, plan No. 3387, showing details of

construction, and photographs Nos. 1658 and 1659 of the improvement
layout. Also photograph No. 12348 showing slab recently installed on
work now under way at Long Island City.

We have used no reinforcing at any of the above locations as we feel

it is not essential that the slabs remain intact, but on the other hand, when
any of them have been exposed for inspection, few cracks have been found."

Some concrete slab supports have been used on the New York Central

Railroad at Poughkeepsie and Staatsberg, and some concrete track support

has been constructed on the Detroit, Toledo and Ironton Railway, but the

Committee has not been able to secure data sufficient to include these in-

stallations in this report, but hope to be more successful in the future.

The tests of permanent roadbeds or of permanent track construction

as described, and of plans for such construction as advocated at various

times, have not been carried out fully enough to prove such designs are

either a success or a failure. The evolution of the present type of cross

tie and ballast construction as a result of early experience naturally indi-

cates that the early experience with masonry roadbed and track structures

did not prove as satisfactory as did the cross tie type.
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Whether or not modern designs of permanent roadbed, or permanent

track construction, have any chance of being successful under modern

locomotives and modern trains may be anticipated by a study of the ad-

vantages and savings which the advocates of such track structures claim

will result.

The anticipated savings to be expected from permanent roadbed con-

struction are summed up by one advocate as follows

:

(1) Reduction in the cost of maintenance of way
(a) Ties eliminated

(b) Ballast eliminated

(c) Track labor eliminated

(d) Probably reduced wear on rails and angle bars

(2) Reduction in the cost of maintenance of equipment
(3) Reduction in train resistance, resulting in

(a) Less fuel consumed
(b) Greater tonnage per train, with fewer trains, or higher
speed, with less train hours

(4) Greater safety, especially at high speeds

(5) More comfort for passengers, due to smoother riding and free-

dom from dust

(6) Advertising value to early users

In regard to these claims, the following must be considered

:

Several plans advocated do eliminate the ties and also eliminate the

ballast as such, but they do so by substituting for them a very much more

expensive construction.

The statement that track labor will be eliminated is open to question.

The tests of slab concrete track construction on the Northern Pacific show

that such construction can, and does, settle, which would make necessary

some form of resurfacing work, probably much more tedious and difficult

than is the present form of surfacing track. Also, experience with all

forms of concrete goes to show that failures of the concrete itself must

be expected occasionally. Not only must settlement be expected but concrete

slabs, if used in the north half of the United States, are almost sure to be

forced out of surface by frost action, at places, whenever the weather be-

comes quite cold. ,

The eflfect of frost heaving of railroad trafk was well illustrated on the

Jewell Junction to Sioux City line of the Chicago' & North Western Rail-

way in the winter of 1903 when a five-pile bent of a pile trestle bridge

was forced up six inches above its original position, due to the frozen

ground heaving, and pulling the piles, and thereby carrying them and the

ends of the spans attached to the bent a corresponding amount above their

original surface.

The question of cost of maintenance is so uncertain that it must be

considered to be as liable to be increased as it is to be decreased, and conse-

quently left out of the claims as to advantage or as to disadvantage of

the plans.

The fourth item under the general heading of "Reduction in the cost

of maintenance" reads "Probably reduced wear on rails and angle bars."

This is "playing a long shot," for the rails if carried upon a rigid and
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unyielding support are more than likely to receive greater punishment from

the blows of the whetls than they will receive if not supported quite so

rigidly. As a corollary, did anyone ever see a blacksmith use a wooden

anvil ?

The rapid wearing out of the rails is given by some historians as one

of the reasons for the abandonment of the early masonry track construction.

The second main heading under "Savings" reads "Reduction in the cost

of maintenance of equipment." This again is open to question, since wheels

moving on a yielding rail will be raised and lowered over inequalities by

a gradual movement, while wheels rolling over a rigid support will be raised

and lowered by a jolt, wherever any uneven surface is struck, and no

track will be maintained for very long in so smooth a surface that there will

be no uneven spots in it.

The cost of maintenance of equipment, like the maintenance of track,

will have to be determined by actual experiment.

The third main heading following the above, reads "Reduction in Train

Resistance, resulting in (a) Less fuel consumed, (b) Greater tonnage per

train, with fewer trains, or higher speed with less train hours." The

reduction in train resistance is the one big and unquestionable gain that

would result from a stiffer and more rigid track construction. However,

the subdivision of the saving into "Less fuel consumed" and "Greater ton-

nage hauled" is unnecessary, since a reduction in train resistance would

result in the same amount of traffic being handled with less fuel and less

trains, or, if the traffic is available, in more traffic being handled for the

same consumption of fuel and the same number of trains.

The reduction in train resistance cannot be figured with certainty as

between rail carried upon cross ties, as track is now generally constructed,

and the same rail carried upon a heavy and stiff concrete support, because

no data exists which shows the difference in the wave motions which will

result under these conditions. However, a calculation has been made to

show the operating economies due to the use of 130-lb. rail in place of

90-lb. rail and it indicates results as follows

:

Operation Economies

Trautwine quotes experiments made by Dr. Dudley in which he had

found train resistances as follows

:

Between Toledo and Cleveland 8.34 lb. per ton

Between Cleveland and Erie 7.67 lb. per ton

Between Erie and Buffalo 8.89 lb. per ton

The elements which enter into the force necessary to move a loaded

car on straight level track, are:

Journal friction: Car axles in their journals

Rolling friction : The wheel on the rail

Atmospheric friction : Resistance of the air

Because of the much greater stiffness of a 130-lb. rail than of a 90-lb.

rail, less resistance is offered to the rolling of a wheel over it, therefore

there is a decrease of the rolling friction.
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Kent's formulse, for determining the various forms of resistance given

above, show the force, in pounds per ton, necessary to overcome each of

these forms of friction tO' be as follows

:

On straight level track,

Journal friction F—4.40 lb. per ton

Rolling friction,

On poor track F—4.35 lb. per ton

On well laid track, moderate rail F—^2.90 lb. per ton

On well laid track, heavy rail F—1.45 lb. per ton

Atmospheric friction.

At 20 miles per hour (single car) F—1.48 lb. per ton

This shows the total force required to move one ton on straight level

track, with well-laid moderate weight rail, to be: F—8.78 lb. per ton, of

which the rolling friction is 2.90 lb. per ton. In this case the rolling fric-

tion equals 33.02 per cent of the total. On the best laid track with heavy
rail the force required is, F

—

7.2)Z lb., of which the rolling load is 1.45 lb.,

equals 19.63 per cent of the total force. The decrease of 1.45 lb. from
the force required on well laid moderate rail track means a decrease of

19.63 per cent in the force required to move a ton over best laid heavy rail

track.

Therefore, on straight level track with atmospheric resistance at twenty
miles per hour a locomotive should be able to haul 19.63 per cent more
tonnage over 130-lb. rail than over 90-lb. rail.

On Grades

Merriman (page 152) states that where tractive resistance on a level

in pounds per ton amounts to 7 lb. the total train resistance on a 0.6 per
cent grade will amount to 19 lb. per ton. If the rolling friction is reduced
1.45 lb. per ton, as determined above, it means a reduction of 8.26 per cent in

train resistance, or it increases the capacity of every locomotive passing over
the track by 8.26 per cent. On a 0.6 per cent grade this should increase

the tonnage rating of a modern type locomotive by 342 tons, about four
or five loaded cars.

Similarly on a 1 per cent grade the total train resistance is given as 27
lb. per ton. Deducting the 1.45 lb. per ton for decreased rolling friction

as above, shows a reduction of 5.67 per cent in train resistance.

On a 2 per cent grade the total train resistance is given as 47 lb. per

ton, and deducting the 1.45 lb. decreases in rolling load produces a reduc-
tion of 3.18 per cent in train resistance."

With the difference between the capacity of a locomotive working on

130-lb. rail as compared to 90-lb. rail, amounting to 19j^ per cent on level

track the difference between the hauling capacity of any given locomotive

working on a concrete supported track over the same locomotive working

on a cross-tie supported track could hardly be less, and naturally might be

expected to be considerably more. There is, therefore, a probability amount-

ing to almost a certainty that the concrete construction of railroads should

result in a 10 per cent increase in the traffic capacity of any locomotive above

its capacity on the present type of railway. If this is realized, then the

concrete construction should increase the gross traffic revenues by 10 per cent

with no increase in operating expense.

The assumption of a permissible higher speed over a concrete supported

track is subject to question. The speed of trains as operated at present

on well built and well maintained railways is not controlled by the condition
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of the track, but is limited by the curves, as is readily shown by the formula

and table as given in the Manual of this Association, which is as follows

:

"(a) Elevation of curves :

The approximate formula
E= .00066DS'

in which
E = Elevation in inches of the outer rail at the gage line,

D= D^n'ee of Curve, and
6" ^Velocity in miles per hour,

will give essentially correct theoretical elevation for the outer

rail of curves and is recommended for ordinary practice."

This formula will give results which are expressed in the

following table

:

"A" ELEVATION OF OUTER RAIL IN INCHES

Degree
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ried by a permanent concrete roadbed should ride more smoothly than one

carried on a more yielding- support, but the yielding support may be acting

as a spring and softening the jar which otherwise might be more abrupt

and violent. Only a test will prove whether a rigid track will ride more

smoothly than one less rigid, particularly after the track becomes somewhat

old and worn.

The promise of freedom from dust would be miore convincing to the

experienced traveler if it promised "less dust."

The sixth and last saving or advantage, "Advertising value to the early

users," can well be claimed, for any radical departure from present practice

which promises to improve traveling conditions will unquestionably draw at

least a trial trip from, the traveler who can just as well go that way as

any other.

Summed up, the entire advantages amount to a practical certainty of

reduced train resistance of great value, a certain advertising value, a cer-

tainty of less dust and a chance that a reduction in maintenance costs of

both roadway and equipment may result.

The Committee expects to continue this study and hopes to be able

to secure more data as to cost of construction of permanent roadbed installa-

tion, and as to their performance and costs of maintenance. Also to learn

what results in the way of decrease of train resistance, and of other ad-

vantages are actually found to result from the use of permanent roadbeds.

Also, to outline a design which should meet all of the conditions which must

be met to construct a permanent roadbed which will be permanent and

economical.

It is natural to expect that several designs of permanent roadbed will

have to be tried out before the best type can be developed, and it is to be

hoped that still more Railway Managements will decide to test some forms

of more permanent track construction than that now in use. Those who are

already experimenting with such designs as have been proposed are deserving

of success and are to be commended for their efforts toward betterment

of railway construction and railway travel.
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To the American Raihvay Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

1. Revision of the Manual (Appendix A).

2. Continue the study of details of mill practice and manufacture as

they affect rail quality (Appendix B).

3. Continue the study of rail failures (Appendix C).

4. Continue the study of transverse fissures (Appendix D).

5. Continue the study of cause and prevention of rail battering, col-

laborating with Committee V—Track (Appendix E).

6. Continue the study of gas welding of propulsion and signal bonds,

collaborating with other appropriate committees (Appendix F).

7. Study the economic value of different rail sections.

, (1) Revision of Manual

The Committee proposes material for Manual revision as follows

:

Drilling of Rails—Pending completion of studies which are being

made, the Committee is not prepared to recommend drilling for the 150 lb.

rail section and therefore recommends that clause (4) under "Drilling of

Rails" on page 124 of the Manual be revised to read as follows

:

"For standard rails 120 lb. per yard to 140 lb. per yard a 1]/^ inch

bolt and a 1:^ inch bolt hole shall be used."

Revise diagrams shown on page 128 of the Manual, under heading

"Standard Locations of Borings for Chemical Analyses and Tensile Test

Pieces" to show the outer and middle locations, designated as "O" and "M"
positions, respectively, to agree with paragraph 3 (b) of the 1925 Rail

Specifications.

Standard Tests for Rail Joints, appearing on pages 133 to 135 of the

Manual. The Committee considers this specification obsolete and recom-

mends that it be dropped from the Manual.

The Committee recommends that the Specifications for Medium Carbon

Steel Track Bolts with Nuts, appearing on pages 135 to 137 of the Manual,

be dropped as obsolete.

Bulletin 295, March, 1927.

915
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Revised rail inspection forms Nos. 401A, 401B and 401C—Exhibits

A, B, and C.

Abandonment of rail inspection forms Nos. 401D and 401E as obsolete.

The Committee recommends that rail failure form 402-B be revised

to include under the caption "Nature of Failure" a column for "Horizontal

Fissure" to be located between "Transverse Fissure" and "Broken."

Revision of rail failure form 402-C, Exhibit D.

Revision of transverse fissure rail failure form 402-E, Exhibit E.

Revision of title of form 402-F, "Manufacturing Record of Interior

Fissure Rail Heats," to read "Manufacturing Record oi Transverse Fissure

Rail Heats."

List of definitions, Appendix A.

(2) Mill Practice

The Committee has continued its study of mill practice as affecting

quality of steel rail and reports progress on this subject and calls attention

to Appendix B, Pennsylvania Railroad Report on History O'f the Experi-

mental 100 lb. P. S. Section Rail Rolled in 1915, Reheated Blooms vs.

Direct Rolling.

The Committee has given careful reconsideration tO' the 1925 Standard

Specifications for Open-Hearth Carbon Steel Rails and recommends no

change to be made therein.

The Committee presents revisions of rail inspection forms Nos. 401-A,

401-B and 401-C as Exhibits A, B and C, respectively. It also recommends

the abandonment of rail inspection forms 401-D and 401-E. These forms

are now obsolete.

(3) Rail Failures

The Committee presents rail failure statistics for the period ending

October 31, 1925, as Appendix C.

-Average Failures Per 100 Track Miles
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The five-year record of the 1920 rolling is not quite as good as that

ioT the 1919 rolling. It is thought that such slight changes in rates of

failure are in some measure due to successive reports not necessarily con-

taining records from the same total number of roads and it is believed

that the general downward trend of rate of failure will continue.

The Committee again presents in the rail failure report a chart show-

ing the rating of mills through the use of the traffic density factor, as

well as the rating by our usual method.

For the purpose of securing greater uniformity in reports from the

various railroads, the Committee presents as Exhibit D, a recommended
revision of rail failures form 402-C.

(4) Transverse Fissures

The Committee has given this subject intensive study as outlined in

Appendix D.

Metallurgical investigation to determine the cause of transverse fissures

is in progress.

Devices for detecting transverse fissures in track have been investigated

by the Engineer of Tests as described in Exhibit F. The Committee has

secured an appropriation from the A.R.A. for further development of a

device to detect transverse fissures in track.

Transverse Fissure Statistics have been extended to include all failures

from such cause reported up to January 31, 1926, and are presented as

Exhibit G. The record now comprises a total of 22,469 transverse fissure

rail failures. These failures are now occurring at the rate of nearly 4,000

per year and high rates of failure per year are not confined to the heavier

traffic roads.

The Committee presents as Exhibit E, recommended revision of trans-

verse fissure form 402-E.

(5) Rail Batter

The Committee presents as Appendix E a report on this subject in

collaboration with Committee on Track. Exhibit H accompanying this

report contains valuable information on this important subject.

(6) Welding of Bonds

The Committee presents as Appendix F and Exhibit I final report on

this subject and as information Exhibit J, Effect of Oxyacetylene Welding

Bond to Rail—Hardness Survey.

(7) Economic Value of Different Sizes of Rail

The Committee has no report to make on this subject this year.

Action Recommended

The Committee recommends

:

1. That clause (4) under "Drilling of Rails" on page 124 of the

Manual be revised to read as follows

:

"For standard rails 120 lb. per yard to 140 lb. per yard a 1^ inch

bolt and a l-ft inch bolt hole shall be used."
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2. That the diagrams shoAvn on page 128 of the Manual under heading

"Standard Locations of Borings for Chemical Analyses and Tensile Test

Pieces" be revised tO' show the oaiter and middle locations, designated as

"O" and "M" positions respectively.

3. That the standard test for rail joints, appearing on pages 133 to

135 of the Manual, be dropped from the Manual.

4. That the Specifications for Medium Carbon Steel Track Bolts with

Nuts, appearing on pages 135 to 137 of the Manual, be dropped.

5. That the revised rail inspection forms Nos. 401-A, 401-B and 401-C,

shown as Exhibits A, B and C respectively, be adopted tO' supersede present

forms of like number, and that present forms 401-D and 401-E be dropped

from the Manual.

6. That rail failure form 402-B be revised to include under the cap-

tion "Nature of Failure" a colimin for "Horizontal Fissure" to be located

between "Transverse Fissure" and "Broken."

7. The adoption of revised rail failure form 402-C, shown as Exhibit D.

8. The adoption of revised transverse fissure rail failure form 402-E,

shown as Exhibit E.
"

9. The adoption of a revision of form 402-F which changes the title

"Manufacturing Record of Interior Fissure Rail Heats" to read "Manu-

facturing Record of Transverse Fissure Rail Heats."

10. The adoption and printing in the Manual of the list of defini-

tions appearing in Appendix A.

11. The adoption and inclusion in the Manual of the following con-

clusions, which have been approved by the Track Committee:

(A) That joint battering cannot be entirely prevented but may
be ameliorated. That the most promising sources of such amelioration

are exhaustive studies of mill conditions, track construction and main-

tenance.

(B) That all other things being equal, evidence indicates rail

battering is approximately proportional to the width of the joint gap.

(C) That effective anchorage applied at the time the rail is laid

(in both directions on single track) is essential toward the proper

preservation of tfie expansion spaces provided in the original laying

of the rail.

(D) That the maintenance of bolt tension adequate but not greatly

exceeding that required to produce the maximum strength of the

joint is essential toward the maintenance of proper expansion spaces.

12. That the following terms and methods be standardized by

adoption and printing in the Manual:

Joint Gap.—The distance in 64ths of an inch between the ends of con-

tiguous rails measured at a point about ^ inch below the top of the

rail.

Batter.—The distance in 64ths of an inch between the bottom of a straight

edge 12 inches long, applied along the top center line of the rail (with

one end coinciding with the end of the rail), and the top of the rail

measured at a point J^ inch from the end of the rail.
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(A) For welding up, resawing and renewal purposes the batter

should be measured with a taper gage.

(B) For statistical purposes the batter should be measured with

a dial micrometer.

13. That the application of welded bonds to the outside of the rail

within the liijiits of the joint bars for standard bonding and outside of joint

bars for sf'ccial xvork where not practicable to apply them within the joint

bar limits, be approved as good practice, and this recommendation printed

in the Manual.

Recommendations for Future Work

1. Revision of Manual.

2. Continue the study of details of mill practice and manufacture

as they affect rail quality.

3. Continue the study of rail failures.

4. Continue the study of transverse fissures.

5. Continue the study of cause and prevention of rail battering.

6. Study the economic value of different sizes of rail.

7. Study the reconditioning of battered or worn rail ends by elec-

tric welding process wath especial reference to the effect upon the rail.

8. Study the drilling and spacing of holes in rails of all weights,

and sizes of bolts for use with each weight.

Respectfully submitted,

The Committee on Rail,

Earl Stimson, Chairman.
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Appendix A

(1) REVISION OF MANUAL

A. F. Blaess, Chairman, Subi-Committee ; J. E. Armstrong, W. J. Backes,

W. C. Cushing, E. A. Hadley, C. R. Harding, J. deN. Macomb, W. H.

Penfield, Louis Yager, W. C. Barnes.

Your Committee recommends that the following definitions be approved

for printing in the Manual

:

Definitions

IRON

Commercial Iron.—The element iron as pure as it can be commercially

produced.

Pig Iron.—The product of the blast furnace in which iron ore, limestone

and coke are heated to'gether and the molten impurities removed as

slag. Pig iron contains a high percentage of carbon ranging from

3.5 to 4.0 per cent.

Wrought Iron.—A commercial iron sufficiently free from carbon and other

impurities to be malleable when such metal is manufactured through

the reduction of iron ores, or the refining of cast iron at a temperature

so low that it is obtained in a pasty condition and, therefore, mechan-

ically mixed with a considerable amount of slag formed during the

operation. Most of the slag is removed by hammering and rolling O'f

the balls of metal removed from the furnace. Its carbon content varies

usually from 0.05 to 0.10 per cent.

STEEL

Steel.—Steel is purified pig iron, which unlike wrought iron has been cast

while in a molten state, and in which the carbon and impurities present

in the original pig iron have been reduced to such a point that the

ingot cast is capable of being forged or rolled into blooms, slabs or

rails. The amount of carbon in steel is controlled in the process of

manufacture and varies from 0.10 to 1.50 per cent, depending on the

use to be made of the product.

Simple Steel,—Often called Carbon Steel (or plain steel), consisting

chiefly of iron, carbon, and manganese. Other elements are always

present, but are not essential to the formation of the steel, and the

content of carbon or manganese, or both, may be very small.

Alloy Steel.—A steel that contains one or more elements other than carbon

in sufficient proportion to modify or improve substantially and positively

some of its useful properties. These steels, since they contain a special

element, are sometimes called special steels.

MANUFACTURE
Bessemer Converter.—^A pear-shaped tilting furnace for refining a charge

of liquid pig iron by the Bessemer process in which no extraneous

fuel is burned.
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Bessemer Process :

(a) Acid Bessemer.—Steel made by the process of blowing air through

liquid pig iron, whereby the carbon, manganese and silicon are

oxidized to the extent desired and removed in the form of slag.

More carbon is removed than is finally required and the metal is

then recarburized. The converter (furnace) has an acid lining,

usually ganister or other highly siliceous material. Phosphorus

and sulphur are not removed in the refining process.

(b) Basic Bessemer.—Steel made by a process similar to the Acid

Bessemer process excepting that the converter lining is basic,

usually either magnesite or burned dolomite, and phosphorus is

oxidized and removed in the basic slag. The removal of sulphur

is uncertain.

Open-Hearth Furnace.—A furnace having a hearth exposed to the flame,

so that any piece of steel or other metal placed upon the hearth is

exposed openly to the action of burning gases.

Open-Hearth Process:

(a) Acid Open-Hearth.—A mixture of pig iron and scrap is charged

into the furnace and melted. The furnace is lined with a siliceous

material (sand). In the refining of the molten steel, the carbon

is generally brought considerably below the percentage ultimately

required. The metal is thereafter recarburized to the desired

amount. The slag contains an excess of silica and is acid in

character. This process demands careful selection of pig iron

and scrap, if high grade steel is to be produced, as phosphorus

and sulphur are not removed in refining on a silica bed.

(b) Basic Open-Hearth.—A charge of pig iron, scrap and limestone

is melted in a furnace lined with a basic material usually either

magnesite or burned dolomite. After refining, tlae bath is re-

carburized. The slag is basic. The removal of phosphorus, and

of sulphur to a lesser degree, being under control, a lower grade

of pig iron and scrap may be used than in the Acid Open-Hearth

process.

Ingot.—A special form of casting made for subsequent rolling and forging.

(a) Hot Top or Sink Head Ingot.—A type of ingot cast with large

end up. On top of the mold is placed a cast iron box lined with

refractory material, the mold being filled with steel to within

a few inches of the top of this box. A small amount of fusible

crushed slag is thrown on, and, when this is melted, charcoal is

also added. A weak blast in a series of jets, impinges on the

charcoal to promote its combustion, the temperature secured being

suflficient to keep the steel in the hot top fluid and so fill up any

pipe forming beneath.

(b) Ingot Stool.—The plate or base upon which an open bottom

mold stands.
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Deoxidized Steel (Dead-Setting Steel).—Steel in which oxygen has been

removed from the iron. The chief deoxidizers are manganese, silicon

and titanium.

Annealing.—Heating above the "critical temperatures" followed by rela-

tively slow rate of cooling.

Billet.—A small bloom; a short bar of iron or steel with a rectangular

section. A billet is rolled of the .size and weight required for the

finished article which is to be produced from it.

Bled Ingot.—An ingot which has fallen over while solidifying, or has met

with some other mishap, allowing the liquid interior tO' escape, thus

leaving the walls intact. It may sometimes bleed at the top and some-

times at the bottom, but usually at the top.

Bloom.—An intermediate product made by the rolling of the ingot. In

rail making it is usually understood that a bloom is about eight inches

square, but it might be seven inches or ten inches, rectangular and not

square in shape.

Blow.—A charge made in the Bessemer converter.

Burrs.—The rough edges remaining on a rail when sawn hot, also formed

by the drill in making bolt holes. The sawing of the metal leaves very

sharp and jagged edges at the end O'f rails, which must be removed.

Butt.—An indefinite term, meaning sometimes the lower part of an ingot,

in which case it is called the "butt of the ingot" ; a butt, pure and

simple, is an ingot so short that it is incapable of being rolled; some-

times applied to the shortest ingot of the heat, much shorter than the

others, but still long enough to be rolled.

Cambering Machine.—A machine by which the hot rails are given the

curvature necessary to compensate for the unequal cooling of head and

base, so that they will cool as nearly straight as possible.

Cinder Heat (Burned Ingot).—The heating of a bloom or ingot in a heat-

ing furnace to such a degree that a certain amount of melted slag or

oxide is formed on the outer surface of the piece.

Critical Temperatures.—In the cooling of iron or steel, there is an abrupt

arrest in the cooling at certain temperatures which is caused by the

evolution of considerable heat in the metal, brought about by some

internal crystalline or molecular transformation inside the mass. These

temperatures are called "Critical Temperatures."

Crop End.—A piece cut off from the end of a rail after rolling.

Cropping.—The act of shearing or sawing off a certain amount of metal

from the end of the bloom after being rolled from an ingot, or from

the end of a rail after it is finished.

Fishing (or Male) Templet.—A templet used to determine whether the

rail section is accurately formed in the fishing spaces to receive the

joint bars.

Gagging.—A term used to describe the work done at the straightening

press by the use of a steel "gag" or tool upon the rail for the purpose

of taking a bend out of a rail.
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Heat.—A charge of molten cast iron made in a Bessemer converter ; or the

steel scrap, pig or molten iron, limestone and fluxes in the open-hearth

furnace; and the resulting molten steel which is poured or tapped from

the furnace. Also refers to the ingots charged into the soaking pits,

or the blooms charged into the reheating furnace.

Lumpy.—The condition of a rail having a succession of short and sharp

bends.

Pass.—The passage of the ingot through the blooming rolls or the passage

of the bar through the rail rolls ; also refers to the openings in the

various rolls or roll trains, which give the hot metal the shape desired.

Piping.—The formation of a cavity in the upper interior of an ingot, caused

by shrinkage of the liquid metaJ when solidifying.

Rail Section.—The shape of the end of a rail cut vertically at right

angles to the length.

Reheating of Blooms.—Some steel mills give the blooms a "wash heat,"

or in other words, the blooms are placed in the furnace while hot after

leaving the bloom shear, and kept in the furnace just long enough to

equalize the temperature inside and out of each bloom for rolling into

rails.

Segregation.—The concentration of the carbon and impurities (in solution)

into that portion of a metal casting which solidifies last. Segregation

may be positive or negative; positive when the preceding condition

prevails and negative when any part of the ingot has less than the

average amount of carbon and impurities.

Shrinkage Allowance.—The extra length to which a rail is cut when hot,

immediately after rolling, so that it will be the desired length when

cold.

Soaking Pit.—A furnace in which the ingot, after being stripped, is placed

for the purpose of equalizing the temperature throughout the mass.

Teeming, Teemed.—The pouring of the metal from the ladle into the ingot.

Templet.—Usually a piece of metal cut out to the exact size and shape of

the rail. It may be the exact size and shape of the rail when cold,

or when hot, or the reverse of the shape, so as to fit on the outside,

either when cold or hot.

Train.—A series of pairs or sets of rolls connected together, and driven

by the same motor or engine.

TESTING

Compressive Strength.—The maximum compressive stress which a ma-

terial is capable of developing.

Ductility.—The percentage elongation and percentage reduction of area

are a measure of the ductility of a metal, usually varying inversely

with the tensile strength.

Elastic Limit.—The greatest stress which a material is capable of de-

veloping without a permanent deformation remaining upon complete

release of the stress.



924 Rail

ExoNGATiON.—The elongation is measured in percentage of the original test

section and is commonly the amount of stretch which will occur in the

material when pulled apart by tension.

Hardness.—The resistance to indentation or abrasion or attrition (wear

from rubbing or crushing).

Ladle Test Ingot.—^A small casting made when the metal is teemed, to

be used for chemical test purposes.

Modulus of Elasticity.—The ratio, within the elastic limit of a material,

of stress to corresponding strain.

Proportional Limit.—The greatest stress which a material is capable of

developing without a deviation from the law of proportionality of

stress to strain.

Permanent Set.—If loaded beyond the elastic limit the bar will not return

to its original length and shape. It is said to have a permanent set.

Reduction (or contraction) of Area.—The reduction of area refers to the

area at the point of rupture, usually reported in per cent. The reduc-

tion of area is the original area minus the area of smallest cross-section

after fracture and this divided by the original area is the "percentage

reduction of area."

Strain.—The change per unit of length in a linear dimension of a body,

which change accompanies a stress. Strain is measured in inches per

inch of length (millimeters per millimeter).

Stress.—The intensity (measured per unit area) of the internal distributed

forces or components of force which resist a change in the form of

a body. Stress is measured in force per imit area (pounds per square

inch, kilograms per square millimeter, etc.).

Tensile Strength.—The maximum tensile stress which a material is

capable of developing.

Tolerance.—An allowance made for a small variation from dimensions

specified.

Yield Point.—The stress in a material at which there occurs a marked

increase in strain without an increase in stress.

RAIL FAILURES

Compound Fissure.—^A horizontal fissure which in developing extends into

a plane other than horizontal.

Detail Fracture.—A fracture caused by the gradual breaking of the metal

imder alternate bending stresses.

Horizontal Fissure.—A horizontal progressive fracture originating in the

interior of the head of the rail, usually indicated on side of head by

longitudinal seam or crack and by flow of metal.

Piped Rail.—A rail in which the sides of the shrinkage cavity formed in

the ingot are closely pressed together in the web of the rail but not

welded.

Transverse Fissure.—A crosswise break starting from a center or nucleus

inside of the head of the rail from which the fracture spreads outward.
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The broken rail will show a smooth o\'al or round spot within the head,

substantially at right angles to the axis of the rail, which will be

bright when first exposed to the air. The nucleus will show a typical

crystalline fracture and the growing portion a typical detail fracture.

Note.—For definitions of other failures see form 402-A.

MISCELLANEOUS

Canting of Rail.—The inclination inwardly of the rail, accomplished by

inclined tie plates, or by adzing the ties.

Fishing Space.—The space between the head and base of rail occupied by

the splice bar.

Macrograph.—A grai^ic reproduction of any object which has not been

magnified more than 10 diameters.

Note.—When it is desired to indicate that it is a photographic repro-

duction, the term "photomacrograph" may be employed.

Magnification.—The ratio of the size of the image to that of the object.

Note.—Magnification is generally expressed in "Diameters," thus

"XlOO" or "100 diameters."

Micrograph.—A graphic reproduction of any object magnified more than

10 diameters.

Note.—When it is desired to indicate that it is a photographic reproduc-

tion, the term "photomicrograph" may be employed.

Rail Joint Bar.—A steel member, embodying beam-strength and stiffness

by its structural shape and material, commonly used in pairs for the

purpose of splicing rail ends together, and holding them accurately,

evenly and firmly in position with reference to surface and gage-side

alinement.

Spring Washer.—A member designed to prevent the backward movement

of the nut and to prevent looseness in the bolted members due to wear,

stretch, rust or other deterioration.

Note.—In compiling these definitions, the following authorities have been consulted:

D. K. BuUens: H. H. Campbell; H. D. Hibbard; H. M. Howe; Albert Sauveur:
H. P. Tiemann; Ry. Engring. & Maint. Cyclopedia; Amer. Soc. for Steel Treating:
Amer. Soc. for Testing Materials; American Railway Engineering Association.
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CKhibit a

CERTIFICATE OF INSPECTION

foRrl 40I-B (;»V. 19CT

l&MurACTURCO BV

^TCIL MML8. LIIJ. rt« YAKO - .9CCTIOM

WORKS
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Back or rORM 40I-B W. 1921

NUMBCR or HEATS ACCCrTCO w
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Exhibit D
AMERICAN RAILWAY

DIVISION IV.

RAIL FAILURES FOR THE YEAR

lU
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Exhibit D
ASSOCIATION
ENG1NE.EBING

FOCM 4.02-C
REVISED NOV. 1926.

ENDING
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Exhibit E
Form 402-E. Revised December, 1926

STATEMENT OF TRANSVERSE FISSURE RAIL FAILURES

from ,192 to 192

Railway

Oat« d
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Appendix B

(2) DETAILS OF MILL PRACTICE AND MANUFACTURE
AS THEY AFFECT RAIL QUALITY

C. R. Harding, Chairman, Sub-Committee; C. B. Bronson, F. L. C. Bond,

J. M. R. Fairbairn, John D. Isaacs, A. W. Newton, G. J. Ray, C. P.

VanGundy, F. M. Waring, W. P. Wiltsee, J. B. Young, W. C. Barnes.

Your Committee presents as information the following Pennsylvania

Railroad report entitled "History of the Experimental 100-lb. Open Hearth

Pennsylvania Specification Section Rail Rolled in 1915—Reheated Blooms

vs. Direct Rolling."

The letters of transmittal accompanying this report are as follows

:

W. C Gushing, Chairman, Pennsylvania Railroad Rail Committee, to

other members of his Committee, dated May 19, 1926:
"This comparative trial was determined upon by the officers of the

Company in 1915, and in order that the members of the committee might
have full knowledge of the results of the investigation, R. S. Harden,
under the direction of H. C. Crowell, Assistant to the Chief Engineer,

was assigned to compile and study all the information available in con-

nection with it.

'I am now sending you a copy of his report, which has been care-

fully and well prepared.
"The outstanding lesson in this experiment is the improved condition

of the interior structure of the steel due to the thermal treatment,
thereby lessening the tendency to rail failures of all kinds, included in

which are reductions in the percentages of broken rails and transverse
fissures.

"In the special examination of Lackawanna Heat No. 3186, made by
the Altoona laboratory, it is noteworthy that none of the reheated bloom
rails which broke showed either transverse fissures or nuclei in the head,
while 60 per cent of the direct rolled rails tested broke, showing this type

of failure in the process of development. Neither did the reheated bloom
rails show any indications of shattering cracks in the head or base por-

tions of the samples, while the direct rolled rails which disclosed fissures

under the deep etching upon examination showed a considerable number of

internal ruptures or shattering cracks in the head portion.

"This has a strong bearing in fact toward the improvement in internal

rail structure and lessening of internal stresses and strains by reason of

this thermal treatment. These improvements have been brought about with-

out any increase in the value of the physical characteristics measured.
"It is, therefore, an important starting point in the study of rail

manufacturing conditions w-ith the view of bringing about, if possible,

such change as will help to eliminate the conditions from which the

shattered slate of the head arrives."

H. C. Crowell to W. C. Gushing, dated April 26, 1926:
"As requested by you on September 4, 1925, we have investigated the

results of the rail test instituted in 1915 to determine the relative value
of rails rolled from blooms that are allowed to cool to atmospheric
temperature and then are reheated and those rolled directly from hot
blooms, which is the standard practice. Four copies of complete report
on this subject, prepared by R. S. Harden, Office Engineer, are attached.

"While the test has not demonstrated, in my opinion, the advisability

of immediate changes in our rail specifications, the results warrant the

making of a similar test on a larger scale, with the elimination of all

other variables and proper supervision of records. With the conclusion
drawn by Mr. Harden I am fully in accord."



934 Rail

THE PENNSYLVANIA RAILROAD
History of the Experimental 100-lb. Open Hearth Pennsylvania Specifi-

cation Section Rail Rolled in 1915—Reheated Blooms vs. Direct Rolling

As a result of plant conditions of certain steel companies which
necessitated the blooming of ingots at one mill and rolling rail at another,

thus causing a cooHng of the blooms in transit from one to the other
and the necessity of subsequent reheating, and because of results of tests

of rail thusly made, it was thought that this cooling and reheating of
the blooms was beneficial to the structure of the steel and produced
better rail.

With this thought in mind the Pennsylvania Railroad Company, when
about to place orders in January, 1915, for 150,000 tons of rail, contem-
plated rolling this tonnage from reheated blooms.

For the purpose of discussing, among others, this particular feature

(d) under paragraph 20 of the Rail Specifications dated December 30,

1914, Second Proof (Jan. 4, 1915), which required that "all blooms shall

be allowed to cool to atmospheric temperature, and then be reheated to

the proper temperature for rolling into finished rail . . .," a conference
was called on January 12, 1915, in the office of Mr. Atterbury.

Those present were

:

W. W. Atterbury, Vice-President, in charge of Operation, Penn-
sylvania Railroad.

S. C. Long, General Manager, Pennsylvania Railroad.

A. C. Shand, Chief Engineer, Pennsylvania Railroad.

A. W. Gibbs, Chief Mechanical Engineer, Pennsylvania Railroad.

Judge E. H. Gary, U. S. Steel Corporation.
A. C. Dinkey, President, Carnegie Steel Company.
C. F. W. Rys., Metallurgical Engineer, Carnegie Steel Company.
W. H. Donner, President, Cambria Steel Company.
E. G. Grace, President, Bethlehem Steel Company.
E. A. S. Clarke, President, Lackawanna Steel Company.
E. J. Buffington, President, Illinois Steel Company.

Mr. Clarke, speaking for the steel companies, claimed that none of
the mills was equipped to contract for an order of any size which required
the reheating of blooms and that it would be a hardship to roll the whole
order under the proposed requirements. The manufacturers felt that the

anticipated benefits from reheating blooms would not be realized, and,
while it was not contended that this feature would spoil the rail, it was
believed that it would not produce better rail than that obtained by the
customary manner ®f rolling. It was suggested that only a part of the
order be rolled from reheated blooms and that the rails so rolled be used
in regular service and constitute a test by comparison with rail rolled in

the usual way.
In view of these opinions of the manufacturers it was decided not to

carry out the original program, but to institute a test by having each of
the steel companies roll 2000 tons of rail, rolling 1000 tons direct from
the initial heating, their regular practice, according to Specifications dated
December 30, 1914, First Proof, and 1000 tons from blooms which had
been allowed to cool to atmospheric temperature and then reheated.

The terms second proof rail, reheated blooms, indirect rolling and
cold blooms have been used at times in a synonymous sense and refer to

the rail rolled from reheated blooms in accordance with the second proof
specifications January 4, 1915. Similarly, first proof rail, direct rolled

rail, and hot blooms refer to the usual practice of rolling and according
to the specifications, December 30, 1914, first proof. In this narrative
only two terms will be used, i. e., "Direct Rolled" referring to the regular
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practice and "Reheated Blooms" referring to the innovation in the sec-

ond proof specifications.

Approximately 2000 tons of rail were rolled by each of six mills at a

price of $33.80 for the direct rolled and $34.70 for the reheated bloom
rail, a difference of 90 cents a ton. A total of 263 heats were poured.
At some of the mills all of the ingots of half the heats were rolled direct

and all of the other half bloomed and cooled. Other mills split each
heat and rolled half of the ingots of a heat direct and cooled the blooms
of the other half. To reduce the number of variables in a test to a min-
imum the latter method would be preferable, but the manufacturers felt

that the qualitj- of open hearth steel in various heats was so nearly uni-

form that no uncertain element would be introduced by the first method.
The rails rolled from reheated blooms were to be distinguished by having
the letter R stamped with the heat number. It is understood that all of
the mills except Lackawanna gave the direct rolled blooms a wash heat
to bring them up to a proper temperature for rail rolling.

Manufacturer
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Of a total of 28,761 rails rolled and submitted for inspection 3,452 or
12 per cent were rejected for reasons as follows:
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Physical Tests

The detail results of physical tests made by the Pennsylvania Railroad

Test Department at Altoona of 56 pieces of rail are shown in Exhibits

G and H. These tests comprise 28 pieces from direct rolled rail and 28

pieces from rail rolled from reheated blooms. Samples of Carnegie rail

were not included. A summary of the results is here given.
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Of the total ; 8 or 32 per cent occurred
4 or 16 per cent occurred
4 or 16 per cent occurred
9 or 36 per cent occurred

1 or 4 per cent Carnegie rail

IS or 60 per cent Cambria rails

1 or 4 per cent Bethlehem rail

7 or 28 per cent Lackawanna rails

1 or 4 per cent Pennsylvania rail

on inside rail of curves.

on outside rail of curves.

on curves not recorded 1 or 0.

on tangent.

8 or 32 per cent B rails

6 or 24 per cent C rails

5 or 20 per cent D rails

4 or 16 per cent E rails

1 or 4 per cent F rails

1 or 4 per cent not recorded

Division
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Diviaios
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It was prescribed that the reheated bloom rail should have the letter

R stamped with the heat number and that the direct rolled rail would
bear only the heat number. In any future test, where two things are to

be compared, it is recommended that each be given a distinguished char-

acteristic so that the omission in a report of the marking betrays itself,

and does not place the case in the wrong category.

In the case of the rail (49 per cent) rolled by Carnegie, Pennsylvania
and the majority of that by Cambria, no element permitting erroneous
recording is introduced because full heats were rolled either direct or

from reheated blooms and the heat number is suflficient to class the rail.

But in the case of Bethlehem, Lackawanna, Illinois and a part of Cam-
bria, each heat was divided and rails of each class bear the same heat
number, the only distinguishing feature being the R of the reheated bloom
rail. It will be realized that, with time, rail is much coated and the

memory of man becomes dim regarding a test instituted some years before,

and that the failure to discover or to record the R would charge the failure

to the direct rolled rail. There is no direct information upon which could

be based a contention that the direct rolled failures were not actually as

so reported, but it seems strange that, out of 33 failures of all kinds in

Lackawanna rail, none occurred in the reheated bloom rail and that only
2 of 26 failures in Bethlehem rail were in that class. Approximately 60
per cent of the failures in the 8000 tons rolled by Carnegie, Cambria,
Pennsylvania and Illinois were in direct rolled rail and it would be logical

to expect a relationship somewhat like this in the other 4000 tons.

Failures of All Kinds
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Lackawanna Heat No. 3186

Six transverse fissures had developed in the rail rolled from Lacka-
wanna heat No. 3186 and the remaining rail of this heat was ordered out

of track. Thirty-one rails were shipped to the Test Department at Al-

toona for study as to the cause of these failures.

10 direct rolled rails removed from track on Buffalo Division.

10 reheated bloom rails removed from track on Renovo Division.

11 reheated bloom rails removed from track on Allegheny Division.

The rails were cut in half and subjected to the drop test using a
1640-lb. tup, 36 in. span and free fall of 12.5 or 18 ft. The blows were
delivered at 2 foot intervals along the entire length of the half section

of the rail with the head in tension, and, provided no breaks occurred,

blows were similarly delivered with the head up. This was done to

develop failures which would disclose the presence of transverse fissures

or nuclei within the rail. The test had to be discontinued because of

excessive camber on those rails that withstood the full cycle of blows
without breaking. The results in detail are shown in Appendices L and
M and a summary of the drop tests is here given.
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point locally and thereby prevent the development of additional cracks

close by. The fact that all of the rails, both those which showed nuclei

and those which did not, were of substantially the same chemical compo-
sition, physical properties and comparatively free from segregation or

slag streaks tends to indicate that these shatter cracks were not the

result of any inherent properties of the steel in the rail, but rather the

result of some manufacturing condition.

Abrasive Tests

While it was not expected that reheating of the blooms would have
any effect on the wearing qualities of the steel, abrasive tests were con-

ducted at the five locations listed below. Data of record pertaining to

these tests is meager in all cases except that of the test on the Ft. Wayne
division. Here Illinois direct rolled rails were laid on the "east bound
track (tangent, 0.38 adverse grade) between Larwill and Kosciusko, a

distance of six miles more or less, in October, 1915, and Illinois reheated

bloom rails were laid in August, 1915, on the west bound track (tangent,

0.03 to 0.38 adverse grades) between Maples and Ft. Wayne, a distance

of about five and one-half miles.

The last measurements were made in October, 1919, and showed the

square inches of abrasion listed below. These figures amount to 6.6 per
cent of the area of the head of direct rolled rail and 5.8 per cent of that

of the reheated bloom rail worn away. They reduce to 0.7 and .06 square
inches per year and to .043 and .031 square inches per 10 million tons of
traffic. The reheated bloom rail showed greater resistance to wear than
the direct rolled.
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30 per cent could be included, the results might be widely divergent from
these. The identification of this experimental rail on the annual reports

of rail existing in main track (M. W. form 34-J) was entirely dependent
upon whether or not a distinguishing reference was made in the remarks
column.

It would be desirable to include a statement of the total tonnage to

which this experimental rail was subjected, but the available traffic rec-

ords East of Pittsburgh would provide only a very general indication

since the figures represent total divisional main track tonnage, and these

might not be at all an accurate report of the load run over the rail.

A record was kept of the amount of traffic over the Illinois rail laid

on the Ft. Wayne Division and this has been used in the abrasion tests

to show the relative wear of the two kinds of rail per 10 million tons.

Summary
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Exhibit B

EXPERIMEHTAL ROLLIIJO IN 1916 OF 10O| O.H. P.S. SECTION RAIL

DIRECT ROLLED RAILS vs. REHEATED DIOOMS



Exhibit D
EXfERIMEWTAL BOLLIHG IN 1915 OF lOOtf O.H. P.3. SECTION RAIL

DIRECT ROLLED RAILS va. REHEATED BLOOMS

2000 lb. Tup dropping 18 ft.
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THE PBMHSTLVAHIA RAILROAD
KXPERIUEMTAL ROgiNQ m 1915 of lOOj't O.H. P.S. SECTION RAIL

Exhibit F

Direct Rolled Rail* tb. Reheated Blooma

Cheoiitry



948 Rail

Exhibit G
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Exhibit H
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Exhibit I
THE PENNSYLVANIA RAILROAD

EXPERIIffiKTAL ROLLING IN 1915 OF lOOdf O.H. P.S. RAIL
DIRECT ROLLED VS REHEATED BLOCKS

Fallurea in Servle* (To Dacanbar 31, 192&)

Internal Tranavaraa Flaiura

Direct ^lled
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THE PENNSYLVANIA RAILROAD
Exhibit J

EXPERIMiHTAL ROLLING IN 1915 OF lOOi^ O.H. P.S. RAIL
DIRECT ROLLED VS. REHE/.TED'DL0O>iS

Oroken Kail Failures
(To Dec. 31. 1925)

Direct Rolled

Manufacturer
; : In : :

Heat : Rail : Joint :Alignpent:TrRCk
Life

in Track
Middle
Pittsburgh
iionongahela

Carnegiu
Carneg'.p

C^rnetle
Canbr

7043 :

5045
50O5

Yes
Yes
Yes

Tang.
Tang.
1000 C

EBF
ITOF

«B
30353 Tang.

5 yrs
5 Yrs
8 Yrs
6 Yrs

5 nos.
1 mo.
mos.
mos. Philadelphia

Penpsylvania
3ethlehtm
Bsthlehso
Bethlehem

1000 IC ; EB S Yrs 3 mos

.

Philadelphia

Bethlehem
Bethlehem
3ethlehea

21008
22092
25109

Tang.
Tang.
2000 C

E3?
'.:B

5 Yrs
4 Yrs

3 yrs

5 mos •

7 nos.
11 mos<

Ne* York
Kerr York
Mew York

Lackararjia

Lackavanna
Lackavanna

28098
24004
21097

Yes 1

Yes ;

Yes !

TSiig.
Tang*
Tangt

: liB

: 3

Yrs
6 Yrs
6 Yrs

G mos.
2 mos.
mo.

Hen York
HeTT York
Hew York

Lackavanna
Leckauanna
Lackawanna

3183 :

14641 :

3192 :

72«3
9512

Yes
Yes
Yes

»ang»

Tangt
Tang*

0030 tc'

Tang.
4000 IC

5 Yrs

5 Yrs
5 Yrs

Buffalo
Buffalo
RenoTO
Renovo
Allegheny
Renovo

LackaTianna

Lae'cawanna

Lackawann-i

Lackawanna
Lackavianna

Lacka^^anna

Lacka-iranna

LacksTianna

Lackawanna

9512 :

7270 ;

9511 ;

TzTTT
Till 1

13629

Yes :

Yes t

5185
8077

Tangt
Tanc«
Tangt
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THE P E H n S Y L V A N I

Exhibit K
RAILROAD

EXPEP.IlffillTAL ROLLIHGTII 1515 of lOO^^ O.H/PTs7"SECflog; RAIL
DIRECT ROLLED vs. REHE-MtD BLOOMS

Result of Teste made by Cambria Steel Company of Rail from the 12 Split
Heats rolled at Johnsto^'n:l. "

Results of Tests by P-R-R« Test Departnent of 6 othor samples are sho-wn for comparison

Haximum Min imum

Elastic Liinit

5'ltimate Strength

:Direot :Rehtd. : Direct :Rehtd. :Direct:Rohtd,
:Ro lled : Blooms :Rolled : Blooms :Rolled : Blooms

Lbs. per Eq.ln., CajnbrTa";eO"B^ : 60890T4S'S50 : 53610: bSbiT': 66650

[

P.R.R. : 60475 : S'lGlS: 551S5 : SS-iVS : 50141: C01S5
" " " Cambr ia : 123100 : 124300: 108750 :113300: 118261:119764

P.R.R. :124700 :128600 :114700 : :12040O :121071. 122875
Elongation, percent in 2",
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Exhibit L

THE PEHHSYLVAN lA HAILROAD

Lackawanna Heat #3186. All Kail of this Hsat removad from Track beecuse of

Transverse Fissures, and 31 hatle sent to Altoona for Teats.

SUMl.!-JiY OF DhOP TEST KESULTS
I5W LB. ft*.
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Exhibit M
THB PKNNSYLVANIA hklLhOAD

EXPHilllENTAL hOLLING IN 1916 OF 100# O.H. P.S. SKCTION hAIL
DIkECT ROLlED VS, BEHEiiTEB BLOOMS

Lackawanna Heat iitel86. All hail of thie Heat removed from Treolc Geeause of 6

Transversa Fissures, and 31 halls sent to Altoona for Tests

Besults of Chamleal Analysis and Brlnall Hsrlcness Test
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Appendix C

(3) RAIL FAILURE STATISTICS FOR 1925

By W. C. Barnes, Engineer of Tests, Rail Committee.

This report deals with the rail failure statistics for the year ending
October 31, 1925, and continues the standard method of basing the failure
rate on mile years of service in track.

The rollings for 1920 and succeeding years are embodied in these
statistics, the tonnages and track miles represented being as follows

:

Year Rolled Tons Track Miles
1920 1008039 6576.48

1921 1017872 6640.46

1922 1070801 6765.99

1923 1381309 8692.16

1924 1243015 7804.78

This report differs from preceding reports in that no data are presented
for rail that has been in track for a period of less than one year. This for

the reason that no data would be available for such rail if the rail failure

reports submitted by the railroads were all compiled in strict accordance
with the instructions heretofore issued.

Table 1 shows the average results of all of the rails reported on,

together with the results taken from previous reports, including both Bes-
semer and Open-Hearth rails. The 1920 rollings, whose period of observa-
tion is now concluded, show a slight increase in the failure rate over that

for the 1919 rollings. The four year record of the 1921 rollings, however,
indicates that the downward trend will be resumed next year.

Fig. 1 shows diagrammatically the general average results.

Table 2 presents a summary from thirteen years' reports showing track

miles and total failures in addition to the failures per 100 track miles shown
in Table 1. The average results of the rails from each of the mills for

rollings since 1908 are given in Table 3 and these results are shown
diagrammatically in Fig. 2.

Table 4 presents the performances of the rails rolled at each of the

mills in recent years. The failures per 100 track miles per year of service

are shown and the average shown for the rollings from 1920 to 1924 in-

clusive for each mill. This average is weighted by the mileage repre-

sented in each of the five years' rollings and these weighted averages are
presented diagrammatically in Fig. 3. Inland shows the lowest failure

rate but this is not fairly comparable due to the fact that its rail is younger
in point of length of service compared with rail from the other mills.

Illinois now shows the lowest rate on a comparable basis with a figure of

9.86 with Carnegie and Pennsylvania following in order named with rates

of 11.11 and 12.44 respectively.

Due to the absence of reports on Maryland rollings from 1922 to 1924
inclusive and of Dominion for all rollings for the last five years, these two
mills no longer appear in Fig. 3 and 4 and in Table 4.

Fig. 4 again rates the relative performance of the mills from the same
data as used for Fig. 3 except that a traffic density factor has been intro-

duced into the final computations, based on the average ton miles of revenue
freight per mile of track of the various railways into whose tracks the

output of each mill was placed. The chart is similar to that presented last

year and is again presented as information.

Table 5 shows the average weight of rails, from the various mills

and from all mills. The average reported this year stands at 101.3 lb. per

yard.
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Table 1—Average Failures per 100 Track Miles

ICear
{polled
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Table 2—Summary from Thirteen Years Reports Showing Track Miles,

Total Failures and Failures per 100 Track Miles
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Table 3—Failures for Various Ages of Rail per 100 Track Miles

Y«ar
Bid
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Table 3—Failures for Various Ages of Rail per 100 Track Miles

—

(Continued)
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Table 4

—

Recapitulation—Totals and Averages Grouped by Mills.

Track Miles—Represents Quantity Originally Laid. Failures to

Date—Computed by Mile Years of Rail in Service
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Diagrams Showing Mill Ratings for Five-Year Period Compiled by
Usual Method

mil
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Diagram Showing Mill Ratings for Five-Year Period as Altered by
Use of Traffic Density Factor

Kill
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Table 5—Average Weights of Rails Compiled from Tonnages Used
in This Report

Mill
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Diagram Showing Failures per 100 Track Miles by Mills and Years
for Periods Ending October 31, 1925

til
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Appendix D

(4) TRANSVERSE FISSURES

J. deN. Macomb, Cliairman, Sub-Committee ; J. E. Armstrong, W. J. Backes,

C. B. Bronson, W. C. Gushing, C. R. Harding, L. J. F, Hughes, John

D. Isaacs, G. J. Ray, G. P. VanGundy, F. M. Waring, W. P. Wiltsee,

W. G. Barnes.

The Sub-Gommittee appointed a Special Gommittee, consisting of F. M.

Waring, Chairman
; J. B. Young, E. E. Chapman and J. H. Gibboney,

with instructions to prepare an outline of a suggested metallurgical investi-

gation on the cause of transverse fissures. The Engineer of Tests of the

Rail Gommittee was instructed to investigate such transverse fissure detect-

ing devices as might be available.

The result of the investigation of transverse fissure detecting devices

is given in Exhibit F. It covers the various devices available or proposed

for the purpose, and it contains a recommendation that the electric detecting

device invented by Elmer A. Sperry offers reasonable promise of successful

development, and that it be further developed.

As reported to- the Rail Committee last year, a statement had been

compiled com,prising 15,357 transverse fissure rail failures, accumulated up
to January 31, 1924. This statement has been extended to include January

31, 1926, and now comprises 22,469 transverse fissure rail failures (see

Exhibit G). The gravity of the situation is indicated by the fact that

transverse fissure rail failures are now occurring at the rate of nearly 4,000

per year. High rates of failures per year are not confined to the heavier

traffic roads.

A revision of form 402'-E, "Statement of Transverse Fissure Rail

Failures," is submitted for approval (see Exhibit E). The revision consists

in the elimination of columns calling for traffic data at present required and

omits heading "Kind of Failure," as it is understood that only true trans-

verse fissure rail failures are tO' be reported thereon.

Exhibit F

TRANSVERSE FISSURE DETECTING DEVICES

By W. G. Barnes, Engineer of Tests—Rail Gommittee

Requirements

The essential requirements for a successful and practicable trans-
verse fissure detecting device are ability to detect fissures of dangerous
size, freedom from false indications, and speed of operation. The rails
must be tested while still in track, making sturdiness of all testing and
recording apparatus a prime requisite.

Types of Testing Apparatus
Three general types of apparatus have been proposed for the de-

tection of transverse fissures in rail, namely, (1) X-ray, (2) Magnetic,
(3) Electric.
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X-ray Type
X-rays have been used in investigation of the interior structure

of thin plates of metal by passing them through such plates to a

fluorescent screen—which gives a visible indication of discontinuities

in the interior of the metal. This is essentially a laboratory method
and because of the present inability to secure penetration of the X-rays
through such a thick mass of steel as a rail head, it can be eliminated

from consideration.

Magnetic Type
The terms used in connection with the magnetic circuit are shown,

below, opposite the more familiar terms of the Electrical Circuit to

which they correspond.

Magnetic Electrical

Magneto Motive Force Electric Motive Force, Difference of

Electrical Potential or Voltage.
Reluctance Resistance
Permeability Conductivity
Flux Current

It has long been known that the magnetic permeability of steel is

influenced by very slight changes in chemical composition, the presence
of slag, voids, etc., and by the mechanical and heat treatment which
it has received and whether or not the steel is under the influence of

stress.

This knowledge was probably the reason why the first attempts
to develop a transverse fissure detector employed the magnetic method.
It surely is the reason for the lack of success that has attended these
efforts, since the investigator is embarrassed with a multitude of factors

that have a very similar effect upon the magnetic circuit, causing great
difficulty in the correct interpretation of results.

The magnetic type may be sub-divided into two classes, viz., those
which measure

Type 1.—A change in the total magnetic flux within
the rail. The Burroughs and Dudley devices and the
"Ramimeter" are of this type.

Type 2.—The leakage flux, that is, the magnetic flux

which passes through the air adjacent to the rail, which
is represented by the Suzuky device.

Type 1

The "Burroughs" Magnetic Equipment, developed at the Bureau
of Standards, may be briefly .described as follows:

The rail to be examined and a similar rail are placed side by side,

the ends of the two rails being held in steel clamps, thus completing
the magnetic circuit between them. The rail under test is encircled
by a narrow test coil which is in electrical connection with a galvan-
ometer. Encircling the rail on each side of the test coil are two
magnetizing solenoids. Opposite these two solenoids and encircling
the companion rail are two similar solenoids. The test coil and
solenoids are rigidly connected together and mounted on a carriage
which is moved lengthwise of the rails by an electric motor, which
motor also synchronously moves a photographic film. Any change
in the magnetic flux in the test rail manifests itself by a deflection of
a galvanometer which is recorded by means of a spot of light reflected

onto the photographic film.
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The theory of its operation is as follows: If the test rail is mag-
netically uniform along its length, its permeability is constant for a
given magneto motive force and the magnetic flux at 'each point is

constant, as the solenoids move along the rail. Such being the case,

there w^ill be no electro motive force induced in the test coil. If, on
the other hand, the permeability is not constant, the flux will vary
and a corresponding electro motive force will be induced in the test

coil, which if the coils are moved at a constant speed along the rail,

is proportional to the change in flux.

The permeability of steel is affected by the many factors enum-
erated above and the apparatus is very responsive to the resulting
changes in magnetic flux. For instance, those portions of a rail that

have been located over the ties are found to be magnetically harder
than the portions that were between ties, thus causing a wavy form
of curve of regularity conforming to the spacing of ties.

Dr. Burroughs' conclusions in his paper on "Correlation of the
Magnetic and Mechanical Properties of Steel" published as Bureau of

Standards Scientific Paper No. 272, March 29, 1916, are that "There
is one and only one set of mechanical characteristics corresponding to

a given set of magnetic characteristics, and conversely there is one
and only one set of magnetic characteristics corresponding to a given
set of mechanical characteristics," and that "the utility of this gen-
eralization is decidedly limited by the complexity of the relations due
to the large number of variables and the lack of sufficient quantitative
data," also that "Notwithstanding the possibilities of the magnetic
test, it must be remembered that at present they are possibilities only."

In reporting on "Location of Flaws in Rifle-Barrel Steel by Mag-
netic Analysis" (Scientific Papers No. 343, Oct. 3, 1919), R. L. Sanford
and Wm. B. Kouwenhoven state that the magnetic method used was
"amply sensitive to detect and locate flaws" and that "the greatest

difficulty . . . lies in the interpretation of results."

The apparatus used was very similar to that developed by Dr.
Burroughs with the addition of a second test coil so connected as to
practically neutralize the effect of any change in solenoid current.

From letter circular LC 173, Aug. 1, 1925, of the Bureau of Stand-
ards, entitled "Magnetic Analysis," the following is quoted:

"Up to the present time ... no law has been discovered connecting
the magnetic characteristics of any material with any other physical
property."

"Failing the establishment of direct laws of correlation, the next
possibility would be to compare the magnetic properties of samples
to be tested with* those of a similar sample knov\rn to possess the de-
sired mechanical characteristics and which therefore could be taken
as a standard of quality. This method has proved to be of some value

in a limited way in cases where safety is of paramount importance
and the rejection of a certain percenta'ge of good material is a sec-

ondary consideration. In most, if not all, of the cases in which this

method has been tried it has been found that influences having a

negligible effect on the mechanical properties may modify the magnetic
properties to a marked degree. For general application, therefore, this

method in its present stage of development fails from the standpoint
of reliability."

"One phase of magnetic analysis which has received a considerable
amount of attention is the detection of flaws and hidden defects. It

has been found that flaws within a material give rise to magnetic
irregularities which are generally easy to discover.

"Experiments along this line have been so far unsuccessful, how-
ever, for the reason that variations in magnetic properties generally
existing in material free from flaws are oftentimes of greater magni-
tude than the variations due to flaws."
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The "Dudley" Magnetic Testing Apparatus designed by the late

Dr. Dudley for the New York Central Lines has been described by
him as embodying all the essential and principal details of the Bureau
of Standards equipment except for a few minor changes.

Twenty-five minutes were required for the complete survey of one
rail, one-half of that time being required for handling of the rail on
and ofT the supports.

C. B. Bronson under date of May 21, 1926, comments on this

device as follows: "Although the device was highly accurate and
sensitive in reproducing apparent defects in service, there was no way
to distinguish hard spots, gag marks, fissures and other conditions or

defects in the rails. As a practical method of testing I do not think
that this scheme has anj' possibilities in this respect."

The Ramimeter
A detecting device called the "Ramimeter" is being developed at

the office of the Engineer of Tests of the Atchison, Topeka & Santa Fe
Railway and is about ready for testing out on track.

It is a magnetic device of the Burroughs type, in that it measures
variations in total flux caused by irregularities in the structure, and
chemistry of the steel and by its mechanical and heat treatment, but
is adapted for use on rail in track.

The present design is very simple and comparatively light and
inexpensive to construct, as it requires no magnetizing current, the

flux being produced by permanent magnets.
Aside from its mounting, it consists of only three parts, viz.:

(1) A U-shaped permanent magnet for producing the magnetic
Mx.

(2) Two test coils, surrounding the permanent magnet poles,

connected to

(3) A sensitive indicating instrument such as a galvanometer.

The permanent magnet is supported by two rollers which bear on
the top of the rail in such a manner that its two poles are adjacent
to opposite sides of the rail head. As these poles are slightly stag-
gered, the magnetic flux is caused to pass somewhat diagonally through
the rail from one side to the other. The galvanometer is mounted
above the device. Adjustable blocks bear against one side of the rail

head and heavy springs bear against the opposite side to provide trans-
verse support. The blocks are made adjustable to accommodate rails

having different width heads.
As the Ramimeter moves along the rail, the deflection of the in-

strument is directly proportional to the speed at which the device
travels and to the magnitude of the irregularities in the steel which
effect the reluctance of the magnetic circuit through the permanent
magnet, the air gaps and the rail.

The low rate of operating speed to which devices of the magnetic
type have so far been found limited, is somewhat offset by this design,
inasmuch as its low first cost would permit of the use of a greater
number of equipments in a given territory.

Conclusions Regarding Type 1 Magnetic Devices

Coils encircling the rail under test are an essential part of the
Burroughs and Dudley devices which prevent their use for testing
of rails in track. Experiments with them in the laboratory have so far
been unsuccessful.

The Ramimeter utilizes the same principles in its operation as do
the other devices of this type above described and it would therefore
appear that the results obtained with it would be quite as difficult to
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interpret. Furthermore, the path of the flux as it passes through the

rail is not at right angles to the plane of a transverse fissure as in the

case of the Burroughs device and hence it would seem that a larger

fissure would be required to effect the same indication.

Type 1 Magnetic Devices have therefore been eliminated from
further consideration herein.

Type 2—Represented by the Suzuky "Magnetic Rail Defecto-scope."

M. Suzuky is an Engineer in the Research Office of the Japanese
Government Railways at Tokyo, Japan.

Further descriptions of his device will be found in the Engineering
News-Record of April 1, 1926, and the Bulletin of the International

Railway Congress of April, 1926.

The same general principles underlie the action of the Suzuky, the

Burroughs and the Dudley magnetic devices. Suzuky's device, how-
ever, is designed for use in testing of rail in track, which requires that

magnetizing and test coils shall not encircle the rail.

The magnetic flux in the rail is produced by a horse-shoe shaped
electro-magnet mounted on the test car, the poles of which pass longi-

tudinally along the top of the rail, the air gap between the said poles

and the rail being kept of uniform length by rollers which support said

pole pieces from the rail. This magnet is energized by a direct current

of two amperes delivered by a twelve volt storage battery. The test

car is propelled by a one horse power motor deriving its current from
a 48-volt storage battery.

A U-shaped test coil is provided which fits down over the top of

the rail between the magnet poles and which is connected to a gal-

vanometer.
As the test car moves along the rail any change in magnetic perme-

ability of the rail will cause a corresponding change in the amount and
distribution of the leakage flux, which passes through the air adjacent
to the rail surfaces. This causes a current to flow in the test circuit

which will be indicated by a deflection of the galvanometer. The de-

flection can be seen as a spot of light reflected on a piece of ground
glass or can be recorded on a moving photographic film, the permanent
record, however, not being visible until after the film is developed.

There is the same difficulty of correctly interpreting results ob-
tained with Type 2 devices as was described above for Type 1 devices.

Furthermore, results obtained with methods involving measurement
of leakage flux can not be expressed on a quantity basis as well as
those obtained with methods involving the measurement of change in

total flux.

The galvanometer, which is an extremely delicate laboratory instru-
ment, the moving coil of which is suspended by a metal filament of a
diameter of about .001 inch, is the instrument which is generally used
to measure the extremely small currents produced in both types of

magnetic devices. This instrument must be handled with care even
in the laboratory to prevent breakage of the suspension filament. It

is not a suitable instrument for use on a test car moving on the track.

Available photographs of Suzuky's equipment show the galvanom-
eter mounted on a stool alongside of the track. If used in this man-
ner the handling and shifting from one location to another, releveling,

adjusting, etc., would not only consume a great deal of time but would
cause much delay due to frequent breakage of the suspension.

He claims that rails can be tested in track with his equipment at a

rate of about one-hundred per hour, or approximately 3.5 of a mile per

hour. I believe that even this comparatively slow rate is impossible.
Suzuky's equipment has not been exhibited in this country.

Further joint development, even if warranted, would be very difficult

owing to his location in a foreign country.
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Conclusions Regarding the "Suzuky" Type 2 Magnetic Device

I consider that the Suzuky equipment is inherently impracticable

as a detector of transverse fissures in track and I am therefore sub-

mitting this report in advance of receipt from him of information as

to its cost.

Electric Type
The only device of the electric type located is that designed by

Elmer A. Sperry, of gyroscope fame. As this device, in my opinion,
offers great possibilities, a rather lengthy description of its operation
is given below.

The Sperry Rail Flaw Detector

The equipment consists of a light test car which can be lifted on
and oflf of the tracks manually, and a gasoline driven car for propelling
the two as a unit. The detector is electrically operated by means of

a small generator, driven by a Ford gasoline engine with fan and
radiator. On each rail there is a series of three inspecting units which
are electrically actuated and are connected by cable to recording ap-
paratus on the same car.

The test car is provided with means for lifting all the electrical

inspecting units simultaneously high above the rails to provide proper
clearance while car is being removed from track.

The design provides for scrapers to clean the rail before electrical

contacts are made.
The recording apparatus consists of six rugged pens, three for

each rail, which record on a tape which advances synchronously with
the test car so that the location of a flaw along the length of every rail

can be indicated.

A numbering machine attachment is provided whereby the rails

are successively numbered from any given starting point such as a
section or mile post.

Each rail joint is indicated on the tape, thus further assisting in the
location of any detected flaw or fissure.

7h«'nfi/,fjr,„y ana'

?<^ Un,t

Simplified Wiring Diagram

The following will describe one set of inspecting units, explanation
for the need of additional sets being given later.

Two large copper brushes, consisting of a very great number of

very fine short copper wires, spaced some two feet apart, make sliding
contact with the rail head as the car proceeds. The generator, which
is connected to these main brushes, causes a direct current of several
thousand amperes at a pressure of approximately one-half volt, to trans-
verse the rail longitudinally between these main brushes.
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If the rail is uniform in structure, the potential gradient or

drop in electrical pressure, caused by the flow of a given current

through the uniform resistance of the rail, will be uniform, and the

potential difference existing between two test brushes spaced a given

distance apart and located between the main brushes, will therefore

not vary as the car proceeds over the rail. If these two test brushes
are connected together by a wire, a constant current will flow in that

wire.

In the Sperry device (see diagram above), primary winding No. 1

of a small transformer is connected in series with the wire connecting
the two test brushes above mentioned. This circuit we will designate
the "Test" circuit. When these brushes, as they slide along the rail,

span a portion of the rail in which there is no transverse fissure or

other molecular discontinuity of the metal, a constant current flows

through primary winding No. 1 and hence has no inductive effect upon
the secondary winding, which forms a part of the amplifying and re-

cording circuit.

When, however, a transverse fissure is included between the test

brushes the resistance of that portion of the rail is no longer uniform.
The fissure is a crevice through which the current cannot flow, result-

ing in a decreased cross-sectional conducting area at the location of

the fissure, i.e., an increased resistance which causes a sudden drop of

electrical potential at that point. The potential difference between the

two test brushes therefore increases to an amount determined by the
relative areas of the fissure and rail section. This momentarily in-

creases the flow of current in primary winding No. 1, causing a change
in magnetic flux in the transformer core, which in turn momentarily
induces a current in the secondary winding which is a part of the
amplifying and recording circuit. A similar action results at each rail

joint.

This momentary secondary current is passed through a three stage
audio amplifying circuit which magnifies its effect some 6,000 times.

The amplified current operates a relay which completes a local battery

circuit through a magnetically operated pen recording device of very
simple construction.

Study of the above will show that a momentary change in the main
generator current through the rail, due to momentary change in effec-

tiveness of contact between the main brushes and the rail head or to

similar causes, would produce a corresponding change in the test cir-

cuit current and hence a false indication.

To guard againat this, Sperry, in effect, causes the main generator
current to flow through transformer primary winding No. 2 in such
a direction that it opposes and neutralizes the effects of the correspond-
ing change in the test circuit current in primary winding No. 1 and
hence leaves the secondary winding unaffected.

As a further precaution against false indications due to change in

contact resistance at the test brushes, three sets of detecting units are

provided, for each of the two rails, which pass over the fissure in suc-
cession and are so arranged that each set makes an independent record
on the tape, i.e., there will be three parallel lines drawn on the tape for

each rail. If the flaw indication does not appear in all three lines at

the same location, the indication is open to question and test is to be
repeated at that spot.

The speed of operation of the test car is limited by the time interval
required for the proper operation of the relays and recording devices.
Tests indicate that a speed of from eight to ten miles per hour will be
practicable and that a fissure of a size of 15 per cent of the head can
be detected. Both rails are tested at the same time.
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As described by Sperry, his organization attacked this problem
energetically some two or three years ago and developed preliminary

apparatus to the point where laboratory results proved to them the

correctness of the principles involved and the practicability of their

design. Their enthusiasm over this result was chilled on learning that

there was no market available for their device, whereupon development
work was discontinued.

One of the tests made was on a steel bar into which had been

forced longitudinally a pin, machined to a driving, fit, whose cross-sec-

tion was about one-tenth that of the bar. The molecular separation

between the bar and pin was readily detected with the use of only one

stage of audio amplification which corresponded to an amplification of

approximately 935. It will be remembered that their design calls for

the use of three stages with an amplification of approximately 6,000.

The recording pen device has since been demonstrated as satis-

factory in practical use in connection with other test car devices. The
remaining apparatus is not of unusual type. The novel feature ern-

bodied is the use of audio amplification similar to that used in radio

sets, to secure large multiplication of the effect of a small change in

test circuit current, which permits of the use of a recording device of

rugged construction in comparison with the extremely delicate gal-

vanometer used in the magnetic type devices.

It would therefore appear that ho unusual difficulty would be met
with in the final design of apparatus capable of recording appreciable

changes in current in the test circuit.

The question now arises as to whether the indications obtained

with the electric method will be effected by as many characteristics

of the steel under test as are those obtained with magnetic methods of

testing. A comparison of the effect of a discontinuity upon the flow

of magnetic flux and of an electric current will be helpful at this point.

Assume that a section of rail which is under test has a transverse

fissure which may be considered as a void with opposing faces in

extremely close proximity. The existence of a void in a magnetic
circuit does not stop the flow of magnetic flux through it. The flux,

though diminished somewhat in quantity by the relatively higher

reluctance of air over steel, continues to flow across the void. The
reluctance of the void or air gap decreases directly with a decreasing

distance between opposing faces. As the separation of the opposing
faces in the case of a transverse fissure is hardly more than molecular,

it will be appreciated that the effect of the fissure upon the magnetic
flux is comparatively small. With an electric current of a low voltage,

however, such as used in the Sperry device, the current is entirely

interrupted at the fissure in absence of physical contact between the

opposing faces.

A more pronounced indication of transverse fissures would there-

fore be expected with the electric method.
There is a scarcity of test data regarding quantitative effect ui^on

the electrical resistance of the usual variations in chemistry, mechanical
and heat treatments of rail steel.

We know in general that hardening elements or treatments increase

the electrical resistance, the resistance increases with the percentages
of carbon, manganese, silicon and aluminum and that the effect of

these elements increases in the order named.
Study of the general data available indicates that the usual varia-

tions in the composition of rail steel and the mechanical and heat

treatments to which it is subjected, will not affect the electrical re-

sistance to as great a degree as the magnetic reluctance.
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However, assuming that these efifects are comparable, there still

remains the promise of the more pronounced indication of discon-

tinuities in the steel obtainable by the electric method of testing.

Conclusions Regarding the Sperry Electric Type Device

It is therefore the opinion of the writer that of the methods that

have been brought to our attention the electric method is the only one
that gives a fair promise of success, also that the Sperrv device appears

capable of development into a practical device for the detecting of

transverse fissures in rail in track.

Estimated Cost of Development
Sperry estimates that it will cost approximately six or seven thou-

sand dollars to bring development to the point where evidence will be
conclusive as to whether further expenditure would be warranted and
that about fifteen thousand dollars would be required to make it ready
for extended tests on track.

Necessity of Development
Our statistics show an accumulation of over 15,000 internal trans-

verse fissure failures in American track up to and including the year
1923. The annual number of such failures has been increasing yearly

until in 1923 the reported total for the year reached 3,382.

To quote W. P. Borland, Director of the Bureau of Safety: "How
many rails containing incipient transverse fissures, undiscovered and
undiscoverable, are now in the track is a most disquieting uncertainty."

The situation demands that every effort be made to eliminate from
track rails in which incipient fissures exist.

Due to the fact that rails from certain heats of steel are especially

prone to the development of transverse fissures, many roads have
adopted the precaution of removing from track all remaining rails of

a heat after about three fissure failures have occurred in rails from such
heat. The great extent of this rail removal work and its aggregate
cost may be realized when your attention is called to the fact that one
road alone removes under this policy ten miles of rail annually long
before the end of its normal life.

No doubt the greater number of the rails that are removed are
good rails and their removal represents an economic waste. The de-
velopment of a successful transverse fissure detecting device would
decrease the wreck hazard and in the matter of such rail renewals
would eflfect very large savings. Its development would warrant an
expenditure many times greater than the $15,000.00 referred to above.

Recommendations
The Sperry Electric Flaw Detector appears to offer a reasonable

promise of success in this direction and it is therefore recommended
that its development be undertaken.

If this development is undertaken, the first experiments should be
made at Sperry's laboratory on rails known to contain transverse fis-

sures and which have been removed from track before failing. Such
rails are occasionally found when fissures grow to the surface and give
evidence of their existence by hair-line cracks on the side of the head
of the rail.
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Exhibit G

TRANSVERSE FISSURE STATISTICS

By W. C. Barnes, Engineer of Tests, Rail Committee

These statistics constitute a cumulative record of 22,469 simple

transverse fissure failures that have been reported up to and including

January 31, 1926.

Of this total, 15,357 vi^ere reported up to January 31, 1924, in the

period covered by Rail Report No. 92, issued February, 1926. The
remaining 7,112 have accumulated during the last two years.

Table 1 corresponds with Table 1 of Rail Report No. 92 and shows
the number of simple transverse fissure failures that each of the re-

porting roads have reported and the years in which such failures

occurred.
The yearly totals for all roads show a very rapid increase from

1911 to 1918 which is largely due to increase in the number of reporting

roads and to incomplete returns in the earlier years due to lack of

familiarity of trackmen with this type of failure.

A relatively large yearly increase in number of reporting roads
since 1920 also tends to obscure deductions that may be made from the

record except that, transverse fissures are now occurring at a rate of

at least 3,975 per year and that, high rates of failure per year are not

confined to the heavier traffic roads.

To eliminate the effect of increase in number of reporting roads
the following totals are given for the fourteen roads which have re-

ported since the year 1918:

Year Fissure Failures

1919 1,545

1920 1,849

1921 2,084
1922 2,024
1923 2,022
1924 1,694

1925 2,302

Bearing in mind that reports for one large road covering one quarter

in 1923 and two quarters in 1924 were not received and hence are not in-

cluded in the above table, it appears that the rate of failure per year is now
fairly constant.

Table No. 2 corresponds with Table No. 2 Rail Report No. 92 and
classifies all the fissure failures accumulated from year rolled to January
31, 1926, for each year's rolling from each mill.

The rollings of 1910 from all mills still show the maximum number
of fissure failures; the number of these failures added during the last

two years being 734.

The rollings of 1917 were the only other rollings which showed
a greater number of fissure failures added during the two years, namely
848.

The totals for all rollings of each mill indicate in general their

comparative tendency toward fissure formation unweighted by tonnage
outputs of mills and by amounts of traffic carried.
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Table No. 3 is similar to Table 4 of Rail Report No. 92 but gives

for each mill the rate of total transverse fissure failures on selected

roads accumulated to January 31, 1926, per 10,000 tons of rail reported
on by years rolled instead of the rate for all roads.

To reduce the confusing factors in the preparation of this table, all

fissure failures reported to date from the following roads were eliminated
viz.,

(1) Those for which rail tonnages are not available.

(2) Those which did not report prior to year 1924.

(3) Those which have discontinued reporting.

The comparison includes a total of 18,650 fissures.

The perfect record for Maryland 1921 and 1922 rollings is appar-
ently due to absence of tonnages of such rollings on thoSe roads which
are included in table No. 3.

It will be noted that this refinement and the fissures added since

the last report, have caused little change in the ranking of the mills.

Table 4 classifies the transverse fissure failures by rail letter and
by weight of section.

These statistics show that of 10,870 fissure failures, of which we
have knowledge of process of manufacture, 10,402 were Open-Hearth
and 460 were Bessemer rails.

For classification of fissure failures by carbon content the reader

is referred to Table 3 of Rail Report No. 92.

Roads Making No Report Account Incomplete Records, Etc.

Alabama & Vicksburg
Ann Arbor
Atlantic Coast Line
B. & O. C. T
Canadian National
Central Vermont Ry
Central R. R. of New Jersey
Chicago & Alton
Chicago, Great Western
C. I. & L.

Chicago & Northwestern
Colorado & Southern
Delaware & Hudson
Denver & Rio Grande
Duluth & Iron Range
Florida East Coast Ry.
Grand Trunk Ry. System

Great Northern Ry.
Kansas City Southern
Lake Erie & Western
Maine Central R. R. 8i Portland
Terminal

M. St. P. & S. S. M.
Minneapolis & St. Louis
Montour Ry.
Morgan's La. & Texas
M. M. & S. E.
N. Y., Ontario & Western
Pere Marquette
P. & L. E.
R. F. & P.

Temiskaming & Northern Ontario
Western Pacific

Wheeling & Lake Erie

Roads Who Have Discontinued Reporting

C. B. & Q.
El Paso & S. W.
Missouri Pacific

N. Y. C. & St. L.

Northern Pacific

Roads That Will Start Reporting in 1926

Chicago & Eastern Illinois St. Louis-San Francisco
Mobile & Ohio Seaboard Air Line Ry
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Table 1

Simple Transverse Fissure Failures

By Railroads and by Year Failed

40
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Table 2

Accumulated Simple Transverse Fissure Failures

Reported to Jan. 31, 1926, by Years Rolled and by Mills
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Table 3

Rate of Accumulated Transverse Fissure Failures on Selected Roads

From Year Rolled to Jan. 31, 1926, by Mills and Years Rolled

Basis of rating is number of fissures per 10,000 tons of rail produced

for reporting roads

Veer .tolled :
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Table 4

Fissured Rails to 1925 Inclusive, Segregated by Mill, Rail Letter and
Weight of Section
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Appendix E

(5) CAUSE AND PREVENTION OF RAIL BATTERING

Hunter McDonald, Chairman, Sub-Committee ; E. E. Adams, J. E. Arm-
strong, W. J. Backes, E. A. Hadley, L. J. F. Hughes, C. W. Johns,

R. Mont fort, W. H. Penfield, J. B. Young, W. C. Barnes.

Your Committee, in collaboration with the Committee on Track, issued

under date of August 14th a questionnaire on the Cause and Prevention of

Rail Battering.

There were included in the mailing list the names of all of the Manu-
facturers' Engineering Committee who' had conferred with the Rail Com-
mittee from time to time on the subject of specifications. Individuals whom
it was thought might be in position tO' contribute valuable information were

also addressed.

Two omissions from the questionnaire have been observed since its

preparation. These are

:

(1) It is not definitely stated that the canvass with respect to stand-

ardization Oif terms and methods, Part 2, was intended tO' be limited to

single track. It may be found on account of the varying conditions oi

batter on double track to be impracticable to adopt a standard method
applicable tO' tracks used in one direction only.

(2) J. B. Young, O'f the Reading Company, in his letter of May 6,

promised to furnish some data with respect to> mitering the heads of rails,

a trial installation of which had been made in the tracks of his Company.
The Chairman wrote Mr. Young that the matter of mitered rails would
be included in the questionnaire but this was overlooked.

Mr. Young now reports that due to the pointed ends, battering O'f most
of the mitered rails on the low side of the curve was greater than that of

the square end rails, and concludes that "it would appear that the mitering

was O'f no' benefit as regards the prevention of battering"."

The questionnaire was prepared with the hope of eliciting from the

respondents information based upon opinions supported by data as far as

possible and suggestions as to- methods of observation to be followed in

further study of the subject.

A summary of the replies received up to December accompanies this

report (Exhibit H). In abstracting the replies received, all replies which
indicated that actual data were in the possession of the respondent or which
suggested some outline for further investigation, were quoted in full ; other

replies were grouped in such a manner as tO' show the majority opinion.

The following subjects, gathered from Appendix C to the Rail Com-
mittee's report for 1926, are recommended for further investigation

:

(1) Further data as to whether the lighter section of rails are more
free' from batter and chipping than are the heavier sections; also similar

compariscn between rails of foreign and domestic manufacture.

(2) Further studies as to rails in same heats and same rollings which
under identical chemical, traffic and track conditions show wide variation

in amount and rate of battering.

(3) Studies of rail battering on light and heavy sections possessing

approximately similar chemical constituents and tried out under identical

traffic and maintenance conditions.

(4) The influence of the ingot position on rail battering.
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(5) The influence of the tie support on rail battering, looking toward
the confirmation of the thought expressed in Appendix C that the hit or

miss method of laying rail is as good as any.

(6) Investigations tending to confirm or disprove the conclusions

reached on page 512 of Appendix C as follows

:

"That the average opening is greater on curves ; that the

average batter is greater on curves ; that the average opening is

greater on the low rail of the curve and that the average batter

is greater on the low rail than on the high rail."

(7) The practicability and desirability of making actual analyses from
the metal in the head of the rail under consideration instead of relying

upon ladle analysis.

(8) The practicability and desirability of making field tests to deter-

mine the hardness of the metal in the head of the rail under consideration.

(9) The determination of the influence of cooling conditions during
manufacture on the resistance of the rail to battering and incidentally to

overflow and chipping. This could best be accomplished by a special ex-
periment wherein all of the rails of the same heat would be laid in a

stretch of track where it is subjected to identical traffic condition, the

mill history of each rail being made the subject of expert study and record
before the rails are laid in the track.

(10) The value of milling as a means of preventing chipping and the
battering incidental thereto.

(11) Observations of the advantages, if any, to be gained by sawing
oflF or otherwise removing metal which has overflowed into the joint gap.

(12) Various methods of lubrication applied with a view of aiding the

movement of rail through joints and thereby permitting high bolt tensions

without producing a frozen condition of the joint, alsO' the possibility of
such lubrication preserving the fishing surfaces against wear and deteriora-

tion from brine and acid drippings.

Conclusions

The following conclusions, which have since been approved by the

Track Committee, are submitted to the Rail Committee for adoption and

inclusion in the Manual

:

(A) That joint battering cannot be entirely prevented but may be

ameliorated. That the most promising sources of such amelioration are

exhaustive studies of mill conditions, track construction and maintenance.

(B) That all other things being equal, evidence indicates rail batter-

ing is approximately proportional to the width of the joint gap.

(C) That effective anchorage applied at the time the rail is laid (in

both directions on single track) is essential toward the proper preservation

of the expansion spaces provided in the original laying of the rail.

(D) That the maintenance of bolt tension adequate but not greatly

exceeding that required to produce the maximum strength of the joint is

essential toward the maintenance of proper expansion spaces.

It is also recommended that the following terms and methods be
standardized by adoption and printing in the Manual

:

Joint Gap.—The distance in 64ths of an inch between the ends of con-

tiguous rails measured at a point about % inch below the top of the

rail.

Batter.—The distance in 64ths of an inch between the bottom of a straight

edge 12 inches long, applied along the top center line of the rail (with
one end coinciding with the end of the rail), and the top of the rail

measured at a point 1/2 inch from the end of the rail.
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(A) For welding up, resawing and renewal purposes the batter

should be measured with a taper gage.
(B) For statistical purposes the batter should be measured with

a dial micrometer.

The following definitions are recommended for adoption and printing

in the Manual

:

End Overflow.—The projection into the joint gap of metal at the top of
the gage side of the head of the rail brought about by impact of wheels
under traffic.

Milling Rail.—The cutting with a milling hob of the ends of the rails to

correct roughness and inaccuracies of sawing.

End Chipping.—The loosening of the metal on the top' or gage side of

the end of a rail subjected to traffic.

This above report was approved by the Sub-Committee of the Com-
mittee on Track as well as by Sub-Committee V of the Committee on
Rail at their joint meeting held in Chicago^ on November 15th, with the

exception that conclusion "B" as shown above is as revised to- meet the

approval oi the Track Committee, whereas in the original form it read

as follows: "That all other things being equal, rail battering is directly

proportional to the width of the joint gap."

Exhibit H

QUESTIONNAIRE ON CAUSE AND PREVENTION OF RAIL
BATTERING

Replies to this questionnaire were received from the following:

A. T. & S. F.

B. & O. C. T.

Bangor & Aroostook
Canadian National

Clinchfield R. R.

C. B. & Q.
C. B. & Q.
C. & E. I.

C. M. & St. P.

C. & N. W.
C R. I. & P.

D. L. & W.
D. & R. G. W.
D. & R. G. W.
E. J. & E.

Hocking Valley
Kansas City Southern
L. & N.
Maine Central

M. K. & T.
_

Missouri Pacific

N. C. & St L.

N. Y. C.

C. W. Baldridge, Assistant Engineer.

G. P. Palmer, Engineer Maintenance and
Construction,

Moses Burpee, Chief Engineer.
C. B. Bro'vm, Chief Engineer Operation
Department.

W. C. Hattan, Chief Engineer.
A. W. Newton, Chief Engineer.
C. W. Breed, Engineer Standards.
L. C. Hartley, Chief Engineer.
W. H. Penfield, Engineer Maintenance of

Way.
W. J. Tovme, Chief Engineer.
C. A. Morse, Chief Engineer.
G. J. Ray, Chief Engineer.
A. C. Shields, Assistant General Manager.
Arthur Ridgway, Chief Engineer.
A. Montzheimer, Chief Engineer,
W. L. Roller, Engineer Maintenance of Way.
A. N. Reece, Chief Engineer.
W. N. Courtenay, Chief Engineer.
C. S, Robinson, Engineer Maintenance of
Way.

F. Ringer, Chief Engineer.
H. D. Knecht, Division Engineer.
Hunter McDonald, Chief Engineer.

J, V. Neubert, Engineer Maintenance of Way.
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N. Y. C. & St. L. J. C. Wallace, Assistant Chief Engineer.

N. & W. W. P. Wiltsee, Chief Engineer.

Northern Pacific H. E. Stevens, Chief Engineer.

O. W. R. R. & N. H. A. Roberts, Engineer Maintenance of

Way.
Penna. R. R. W. C. Cashing, Engineer of Standards.

Penna. R. R. Albert W. McClellan, Engineer Maintenance
of Way.

St. L.-S. F. F. G. Jonah, Chief Engineer.

Southern Pacific Co. W. H. Kirkbride, Engineer Maintenance of

Way and Structures.

S. P. Lines, Tex. and La. H. M. Lull, Chief Engineer.

T. & N. O. S. B. Qement, Chief Engineer.

Union Pacific System E. E. Adams, Assistant to the President.

R. H. Laverie & Sons, Inc. J. B. Emerson.
Verona Tool Works B. M. Cheney.
Robt. W. Hunt Co. C. W. Gennet, Jr.

In abstracting the replies received, all replies w^hich indicated that actual

data were in the possession of the respondent or w^hich suggested some
outline for further investigation, were quoted in full ; other replies were
grouped in such a manner as to show the majority opinion.

PART I. INVESTIGATIONS

Question 1. Have you in mind any line of investigation which may
tend toward a solution of this problem?

Replies

A. N. Recce, Chief Engineer, Kansas City Southern

I would suggest the investigation of the relative battering of rail ends

on Sandberg Sorbitic rail or rail that has been hardened by tempering in

comparison with battering of ends of rail containing manganese content, and

the investigation of the relative battering of rails with joint bars of 24 in.,

30 in., 36 in. and 38 in.

W. H. Kirkbride, Engineer Maintenance of Way and Structures,

Southern Pacific

Suggest desirability of investigation to develop the facts as to questions

raised under paragraphs 14 and 38 below.

B. M. Cheney, Verona Tool Works
Assuming that rail batter is largely due to loose joints and excessive

expansion space between rails it would seem that if joints could be contin-

ually at a tightness that would develop the strength of the joint but not too

tight to permit free movement of the rail through the joint incident to

expansion and contraction, rail-end batter might be greatly reduced. To
this end three investigations might prove valuable, viz.

:

First—Laboratory tests to determine the minimum bolt tensions re-

quired to develop the strength of the joint. Such tests, I think, are now
being made under the direction of Prof. Talbot at the University of Illinois.

Second—Track tests to determine the maximum bolt tensions that may
be developed without seriously obstructing expansion and contraction of

rail through the joint.

Third—Having determined the maximum desirable bolt tension, tests

should then be made to determine the maximum length of track wrench that

may be used without fear of over-wrenching.
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W. P. Wiltsee, Chief Engineer, Norfolk & Western
Careful data should be kept by the railroads which are using the so-

called "Head Free" Joints in order to determine if this type of joint bar
will lessen the tendency toward rail battering, as it is thought by many
that one of the contributing causes of rail battering lies in the fit of joint

bars.

We only have one mile of track installed with this type of joint bars
on 130-lb. P. S. rail which was laid about August, 1926. We are watching
this feature and if anything interesting develops at a later date we will

gladly report same.
We have noticed a decided increase in the amount of rail battering on

the 130-lb. P. S. rail as compared with the 100-lb. R. B. rail, and from the

first reports received it was thought that the carbon content of the rail

was too low but upon making chemical analysis we found the carbon con-
tent to be in accordance with the specifications.

Our investigation leads us to believe that in the manufacture of 130-lb.

rail the slower cooling of these larger sections has resulted in a coarse
laminated pearlite structure on the surface which tends to roll out under
our "normal wheel loads to a greater extent than occurred in the lighter

sections of rail where the rolling was completed at a lower temperature.

G. P. Palmer, Engineer Maintenance and Construction, B. & O. C. T.

We have had very little trouble from battering account, we believe,

slow speed of trains in the terminal territory.

Moses Burpee, Chief Engineer, Bangor & Aroostook

None SO' far as can be made on the road except those of observation.

The experiments made on rails in track by the "Stresses in Track Com-
mittee" are of great value.

C. B. Brown, Chief Engineer, Operation Dept., Canadian National

An investigation with rails rolled from same heat and two' rails of

same position in ingot with different joint fastenings suspended and sup^
ported 24 by 36 in. 4 by 6 bolt placed on the inside of curve under heavy
and fast traffic, and end batter of rails measured periodically, would perhaps
give some facts. Ends of all rails in test should have Brinell hardness
recorded.

A. W. Newton, Chief Engineer C. B, & Q.

C. W. Breed, Engineer of Standards

Yes. Adoption of means to keep rail joints tight. Have adopted rail

joint springs as standard with this object in view.

C. A. Morse, Chief Engineer, C. R. I. & P.

I have in mind a line of investigation which, if pursued, might give

some valuable data on rail battering. I think if several roads would under-

take an investigation under the direction of Committee on Rail and if all

observations could be reported in a uniform manner something might be
accomplished. What I propose is to take a record of two miles of track

directly after relaying same with new rail, the record to consist in measuring
the joint gap at each joint and taking a record of the condition of bolts

at each joint as to whether they are tight or not, and then observing this

piece of track regularly twice a year, measuring the amount of batter that

is developed, if any, at the various joints, and also' noting the condition O'f

joints where batter begins tO' show as tO' whether they are properly tamped,
whether ballast is dirty or clean, and other information which might bear

on the subject. I think by following up closely the history of one or

two miles of new rail in track the development of battered rails can be
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closely watched aiid something might be learned from such an investigation.

Of course, such an investigation would take considerable time and we might

not obtain any real information for three or four years, but I think a

number of such investigations on different railroads under different traffic

conditions, if properly supervised, would give valuable information.

W. H. Courtenay, Chief Engineer, Louisville & Nashville

Investigation along lines described in Mr. McDonald's study in Bulle-

tin 283 should lead to some useful conclusions. Qoser cooperation by the

manufacturers would also be helpful.

Hunter McDonald, Chief Engineer, Nashville, Chattanooga & St. Louis

Reference is made to monograph, Appendix C, in the report of the Rail

Committee for 1926. The rails on Mile 106 are continuing to be observed

and matters of interest will be reported from time to time. Further data

with respect to observations on joints and rails referred to in Exhibits I-b,

page 551, and J, page 552, to Appendix C, are submitted herewith and

tend to justify Question 29 of the qucstionjiaire.

An observation has also been undertaken on Mile 11 of our Atlanta

Division, which was laid with 110-lb. rail in October, 1925, on tangent, the

object being to discover, if possible, the influence of high and low carbon

on rail batter, the dividing point between high and low carbon being .73.

Tabular statement showing the conditions surrounding this test and the

results by months up to November 1, 1926, is attached. Briefly, this shows
tliat the average batter on the high carbon rail increased from .01005,

measured in February, to .0156, measured in October, while the average

batter of the low carbon rail increased within the same period from an

average of .01085 to .01685, or an average increase in battering of the

low carbon rail of .00045. The table shows the average temperature at

the time of each observation and the joint gap at each joint. It also

shows condition of bolts and the fact that rail creeping is being controlled.

There is a gradient at this point of .6 per cent and rail is anchored in

both directions without slot spiking.

A study has also been undertaken of the relative battering of the

rail on Mile 106 as compared with 90-lb. rail in the same vicinity, rolled

at the same time as the 110-lb., carrying identical traffic and maintained

in similar manner. Results of this observation are not as yet ready for

announcement.

Albert W. McClellan, Engineer Maintenance of Way, Pennsylvania.

Only by experimenting. A-B-C each have a theory.

W. C. Cushing, Engineer of Standards, Pennsylvania

(a) Improvement in rail metal.

(b) The best joint possible.

(c) Care in maintaining correct distance for expansion between
rail ends.

J. V. Neubert, Engineer Maintenance of Way, New York Central

I feel that it cannot entirely be prevented but can be reduced con-
siderably, giving more particular stress to the following:

(1) Maintenance of uniform spacing.

(2) More uniform bolt tension.

(3) Removal of splice bars when they have corroded or when against

web of the rail.

(4) Giving a better and more uniform support for the joint ties.

(5) Remove, if possible, the end flow of rail.
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Question 2. Have you undertaken any such investigation and when
will you be in position to report?

Replies

A. N. Reece, Chief Engineer, Kansas City Southern

The Kansas City Southern is making test of 38 inch joint bars on one

thousand tons of 100-lb. rail. These joint bars are of the 100 per cent

section which have been extended to 38 inch for test in the elimination of

end batter. We are also trying out Sandberg Sorbitic or tempered rail.

B. M. Cheney, Verona Tool Works
Some tests were made on the C. B. & Q. R. R. in 1925, which

seemed tO' prove conclusively that when bolts are wrenched to a tension

of 20,000-lb. expansion and contraction of the rail through the joint is

prevented while at 15,000 lb. tO' the bolt under radical changes of tem-
perature there was movement through the joint, indicating that the maxi-

mum desirable bolt tension may be somewhere between 15,000 and 20,000

lb. per bolt.

Observation of rail-ends at joints having various tensions indicated that

to prevent batter bolt tensions should be kept above 8,000 lb. per bolt.

The tests above referred to were not extensive enough, nor did the

observation extend over a sufficient period of time to^ warrant definite

conclusions, but they did indicate that it should not be very difficult to

solve the questions involved.

C. W. Baldridge, Assistant Engineer, Atchison, Topeka & Santa Fe

Have made some studies of battered end rails during past ten or twelve

years.

C. B. Brown, Chief Engineer, Operation Department, Canadian National

We have undertaken an investigation with several kinds of spring

washers and shock absorbers, but not under way long enough to give

results of end batter of rails.

A. W. Newton, Chief Engineer, C. B. & Q.

C. W. Breed, Engineer of Standards, C. B. & Q.

Have noted greatly improved conditions to date and expect to receive

reports from tin*e to time.

C. A. Morse, Chief Engineer, C. R. I. & P.

We have not undertaken any such investigation on the Rock Island

Lines but we have made investigations consisting of measuring the amount
of batter at every jomt in stretches of rail of various ages and comparing
these different lots of rail with each other. These investigations were made
with the idea in mind that at a certain point in the life of the rail we could

stop the tendency to batter by putting on new angle bars.

Hunter McDonald, Chief Engineer, N. C. & St. L.

See answer to (1). Will report progress from time to time.

W. C. Cushing, Engineer of Standards, Pennsylvania

Working on 1 (a) constantly, and intend to carry on tests of 1 (b).

No results for a long time.

J. V. Neubert, Engineer Maintenance of Way, New York Central

The New York Central Lines Engineering Committee now have a

sub-committee which has this, and similar conditions, under investigation,

of which it should take at least a year to determine. I feel that investiga-
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tion should be made of rail from one to possibly ten years' service,

depending on traffic conditions, etc.

Question 3. Are you in position to undertake any such investigation?
If so, will you suggest the nature of the same?

Replies

A. N. Reece, Chief Engineer, Kansas City Southern

We have no other investigations contemplated but will possible take up
other means if they appear to have merit.

B. M. Cheney, Verona Tool Works
Would be glad to cooperate in track tests at any time. A test on a

small scale is planned on the Belt Railway of Chicago by E. D. Swift,
Engineer Maintenance of Way. A number of tests have been started on
the Santa Fe under the direction of J. deN. Macomb, Office Engineer.

C. B. Brown, Chief Engineer, Operation Department, Canadian National

Isolated investigations are useless. An investigation with similar sec-

tion of rail, and different joint fastenings under similar traffic, maintenance
and climatic conditions may give facts worth while. We are not in posi-

tion to make such an investigation.

C. A. Morse, Chief Engineer, C. R. I. & P.

This company will be in a position to take up any such investigation

as has been outlined in (1) above.

W. H. Courtenay, Chief Engineer, Louisville & Nashville

We are willing to cooperate with the Committee, with such investiga-

tions as it may desire.

Hunter McDonald, Chief Engineer, Nashville, Chattanooga & St. Louis

No. Further tests to be conclusive require time. They also require

special equipment not available.

H. M. Lull, Chief Engineer Southern Pacific Lines, Texas & Louisiana

Will be glad to assist Committee in making any special studies suggested.

Arthur Ridgway, Denver & Rio Grande Western
Yes, if not too elaborate.

W. P. Wiltsee, Chief Engineer, Norfolk & Western
See answer to question No. 1.

W. C. Cushing, Engineer of Standards, Pennsylvania

Improvement in rail metal is being investigated already by experimental
trials of heat treating steel rails. If such treatment can be done with
commercial success it will bring about such additional strength, elasticity,

toughness and hardness in the metal that it affords the most promising in-

vestigation in rail manufacture.

The best joint possible is also a necessary appliance in the support of
rail ends, which will assist in preventing rail batter. I consider the nature

of a rail joint to be that of a fishing splice and not a bridge joint, and that

consequently the short 24 inch joint is not of sufficient length for this

purpose. Experiments are, therefore, being carried on to obtain more
definite information on this point, and we hope to make such investigation.

With an increasing length of joint bar an increasing number of bolts will

be necessary.
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PART II. STANDARDIZATION OF TERMS AND METHODS

Question 4. Joint Gap. The distance in

Fractions
thousandths

of an inch between the ends of contiguous rails measured at a point

about ^ inch .... below the top of the rail.

Replies
Fractions 22
Thousandths 7

Either 1

Change "Joint Gap" to "Expansion Allowance" (Missouri Pacific).

Question 5. Batter. The distance between the bottom of a straight

edge 12 inches long, applied along the top center line of the
rail (with one end coinciding with the end of the rail), and the

top of the rail, measured at a point Y2 inch from the end
of the rail.

Replies

C. R. I. & P.—Satisfactory.

Mo. Pac.—Applied midway across joint ....measured y% inch from
the end

C. & N. W.—Straight edge 26 inches long ....with center coincid-

ing with the end
N. P.—Straight edge half the length of angle bar
A., T. & S. F.—Straight edge 30 inches long
S. P. Co.—Straight edge not less than 2 ft. long
P. R. R.—Gushing—Straight edge 24 inches long
N. Y. G.—12 inches may be all right but I think that 24 inches

straight edge would be better, as 12 inches may not include
the entire distance of the batter.

Question 5 (a). Should the batter be measured in

Sixty-fourths
thousandths

Taper Gage
screw micrometer
dial micrometer

for welding up, resawing and renewal purposes?

Replies
Sixty-fourths 19

Thousandths 9

Hundredths 1(G.&N.W.)
Taper gage... 26 Uj
Screw micrometer. .. . 0) v •

* -y

Dial micrometer 2

Question 5b. Should the batter for statistical purposes be measured in
Thousandths
fractions

of an inch with
Dial micrometer
screw micrometer
combination of thickness gages.
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Replies
Thousandths .... 20 ) ^.^^^^ 1 (C.C.&O.)
Fractions 8 j

Hundredths 1 (C.&X.W.)
Dial micrometer 9 1

Screw micrometer 2 , Either 1 (C.C.&O.)
Combination of thickness gages 11

I

Taper gage 6 (N. P., M. P., L.&N., C.R.I.&P., C.&N.W., C.,B&Q)

Question 6. End Overflow. The projection into the joint gap of

metal at the top or on the gage side of the head of the rail brought
about by contact of wheels under traffic.

Replies

O.K 23

Change word "contact" to "impact" (Penna. R. R.—Cushing).

Change "joint gap" to "expansion allowance" (Mo. Pac).
Omit "Brought about by contact of wheels under traffic" (S.P.Co.).

J. V. Neubert, Engineer Maintenance of Way, New York Central

I see no objection as written, but may have to distinguish between
flow at top and on gage side, of which on the gage side is the great-

est, especially as the lip flows over the side of the head.

Question 7. Milling Rail. The cutting with a milling hob of the ends

of the rails to correct roughness and inaccuracies of sawing.

Replies

O.K ...25
Add "for the purpose of providing square ends." (U.P.)

J. V. Neubert, Engineer Maintenance of Way, New York Central

A "hob" is not generally used. This is done with a facing plate

containing cutting tools, the facing plate being vertical and revolving

about a horizontal shaft.

Question 8. End Chipping. The loosening of the metal on the top

or gage side of the end of a rail subjected to traffic.

Replies

O.K 21

The loosening or breaking out, etc. (U.P.)
Change "loosening of" to "splintering off of" (Pennsylvania

—

Cushing).
Change "loosening" to "breaking out" (Mo. Pac).
The loosening or breaking off of end of a rail.

Omit "subjected to traffic." (S.P.Co.)

The loosening or breaking off of to traffic (Usually due to

end overflow breaking off.) (C.,B.&Q.)

PART III. CAUSE OF RAIL BATTERING

Question 9. Does the tendency toward batter vary with the different

weights of rail per yard and how does the tendency operate?

Replies

Greater batter with heavier rail 18

Greater batter with lighter rail 1

No difference noted 7
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E. E. Adams, Assistant to President, Union Pacific System

Rail 80-lb. and lighter that was used in previous years on high
speed main line track and later moved to lighter service on account
of it being too light for heavy power and speed; this rail did not

batter, but I attribute this to two physical causes. First, it received

cold-rolling on top surface under comparatively light axle and wheel
loads which did not cause end overflow as experienced with present
day wheel loading. Again, with the lighter rails there was a stronger

tendency for the rail to give, thus reducing the liability for carrying
the surface metal forward to the end of the rail. Therefore, it appears
to me that the stififer the rail section the greater the tendency will be
toward rail batter.

W. H. Kirkbride, Engineer Maintenance of Way and Structures, South-
ern Pacific Co.

Apparently the early type of small weight rails did not develop
rail battering to the extent that the recent heavy weight rails do. This
cannot be stated as a conclusion, however, on account of the changed
conditions represented by increased traffic and increased axle loads.

H. M. Lull, Chief Engineer Southern Pacific Lines, Texas and
Louisiana

Old rail of light weight does not give much trouble from battering.

This is probably due to the cold rolling it has received under light

traffic. If new rail of light weight were put in service under relatively

heavy traffic it would probably batter as much as heavy rail would.

G. P. Palmer, Engineer Maintenance and Construction, B. & O. C. T.

Only cases of importance have been on 100-lb. steel.

B. M. Cheney
It has always seemed to me that under like traffic the heavier

sections battered more quickly than the lighter sections. The only
reason I have been able to figure out for this is that the heavier the

section the less is the "give" under impact, or in other words—the more
nearly the impact approaches an anvil-blow.

J. V. Neubert, Engineer Maintenance of Way, New York Central

We have just made general observations only and find practically

no difference from the 80 to the 115 lb. Dudley section.

Question 10. Is the batter affected by variations in the chemical con-

tent of the t'ails and how?

Replies

Yes 1

Negligibly 3

Decreases with hardness of rail 10

C. S. Robinson, Engineer Maintenance of Way, Maine Central

We are experiencing considerable battering, A.R.A., type A, sec-

tion rail and have in mind changing our chemical content somewhat
to see if beneficial results will be obtained.

J. V. Neubert, Engineer Maintenance of Way, New York Central

We have made no definite study of this. However, indications

are that the end of flow and chipping is less on soft than on hard rails

for any given section.
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Question 11. Is the batter affected by the position of the rail in the
ingot and how?

Replies
Yes 2
No 6

Increase toward top of ingot 8

J. V. Neubert, Engineer Maintenance of Way, New York Central

Indications are that they are not. They are all about the same
from all parts of the ingot. Some feel that the "A" rails may indicate
more.

Question 12. What percentage of batter is due to end chipping?

Replies
Small percentage 7

25 to 35% 3

50% 4
Very large 2

100% 2

W. P. Wiltsee, Chief Engineer, Norfolk & Western
Practically all rail battering noticed on this railroad exists where

there is end chipping, both in the 100-lb. and 130-lb. rail.

G. J. Ray, Chief Engineer, Delaware, Lackawanna & Western
None unless chipping extends over practically entire width of

head.

H. M, Lull, Chief Engineer, Southern Pacific Lines, Texas and
Louisiana

Where track is well maintained at the joints practically all batter-

ing begins with end chipping.

C. W. Baldridge, Assistant Engineer, Atchison, Topeka & Santa Fe
A distinction should be drawn between battering because of

chipped ends of rails and battering of rail ends which have not been
chipped. On our Gulf lines, we had a very large number of joints

in Gary 1909 rail, where rail ends battered with none or almost none
of them chipped, while on our Valley Division, we had had a very
large number of chipped end rails with almost no battering of rail

ends which were not chipped.
In general most of our battered end rails are battered as the result

of chipping.

J. V. Neubert, Engineer Maintenance of Way, New York Central

Have no figures but do not think it is exceeding 5 per cent.

Question 13, What causes end chipping?

Replies

End overflow with subsequent expansion 9
End overflow with subsequent contraction 3

Improper expansion allowance 3

Binding of rail ends 2

Cold rolling or end overflow 4

Cold rolling and running of rails, etc 3

Want of ductility 1

Sawing rail with base to saw 1
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W. C. Gushing, Engineer Standards, Pennsylvania

(a) Sawing rails with base instead of head to saw.
(b) Impact at temperature variation space.

G. J. Ray, Chief Engineer, Delaware, Lackawanna & Western
End flow of metal during period when joint gap is wide and sub-

sequent closing of joint gap and poorly fitting joint bars, loose bolts

or improperly tamped joints, ties or combination of two or more of

above causes.

F. Ringer, Chief Engineer, Missouri-Kansas-Texas Lines

Wheel impact in connection with cold rolling and abrasion at rail

ends.

H. E. Stevens, Chief Engineer, Northern Pacific

Chipping is caused by fins of metal flowing from the end of the
rail into the joint gap, uniting mechanically under wheel loads, and
later separating and breaking out of the rail probably at the time rail

is shrinking.

E. E. Adams, Assistant to President, Union Pacific System
End chipping is due to end overflow of metal prior to new rail

receiving surface hardening; wherein the metal is carried forward under
rolling wheel loads, and on one way track it laps over onto receiving
rail and is pounded into this rail, usually causing a depression where
pounded in and often is lightly welded thereto. Therefore, when rail

contracts when weather becomes cooler, this sheet of metal will ordi-

narily be forced out leaving a chip in contiguous rail ends.

B. M. Cheney
End chipping seems to be due to the rails being too tight together,

resulting in flow of metal in one rail onto the other, such overflow
finally breaking off.

When chipped end rail are general over a long stretch of track

it seems probable that the proper expansion space was not left when
that stretch of rail was laid.

When chipped end rails occur in short stretches or are scattering,

they are probably due to a lack of uniformity in the tightness of joints.

Some trackmen watch their expansion carefully and loosen bolts

in joints that seem too tight, but when they have no means of knowing
the degree of tightness of a joint they are apt to leave them as much
too loose as they were too tight.

A solution oi the question of desirable minimum and maximum
bolt tensions in track joints will go a long way toward eliminating
chipped ends.

W. L. Roller, Engineer Maintenance of Way, Hocking Valley

Improper expansion allowed. Rail running and improper joint

maintenance in surface.

J. V. Neubert, Engineer Maintenance of Way, New York Central

Initial end flow into joint opening. Overlapping of this metal on
to adjacent rail; then pounding or chipping out under traffic.

Question 13a. Would end chipping be reduced if it were practicable

to permanently separate the heads of rails by means of fiber or

twisted wire end posts?
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Replies
No 3

Unlikely 5

Impracticable 2

Yes 13

C. A. Morse, Chief Engineer, Chicago, Rock Island & Pacific

End chipping, no doubt, would be reduced if it were practicable

to permanently separate heads of rails but it is not practicable to do
so. nor would we want to do so because we must have the proper
expansion space and I might say that we have tried on the Rock
Island the twisted wire end posts and they proved valueless.

A. W. McClellan, Engineer Maintenance of Way, Pennsylvania

Yes, or by slight outward slope of rail end from top down.

H. A. Roberts, Engineer Maintenance of Way, O. W. R. R. & N. Co.

Yes, if practicable to permanently separate but not with fiber.

Tried and found wanting.

C. W. Baldridge, Assistant Engfineer, Atchison, Topeka & Santa Fe
Believe chipping would be reduced by any means which will pre-

vent the rail ends from making tight contact at the tops, but would
not advocate the use of shims of fiber or twisted wire. A eut-back
of 1/16 inch of the rail end, extending ^ inch below the surface of

the rail would probably be better, but track men would have to keep
the end overflow cut off.

G. J. Ray, Chief Engineer, Delaware, Lackawanna & Western
Yes, providing end overflow was not excessive, but installation of

end posts would be objectionable on account of taking up room desired

for change in lengths of rail due to changes in temperature.
We have used successfully on curves for short stretches of track

fiber end posts to separate the heads of manganese rail.

E. E. Adams, Assistant to President, Union Pacific System

We have been using fiber end posts cut to true rail templet on
the Union Pacific Railroad for the past four years, and it is not ap-
parent that end chipping has been reduced, as the end flow of the

metal passes over the fiber and gets about the same condition as pre-
viously experienced. However, the fiber separators do tend to better

equalize expansion, and in this way assist in the prevention of rail

batter.

J. V. Neubert, Engineer Maintenance of Way, New York Central

This might help, but I think it would materially affect tlie expan-
sion and contraction of rail.

Question 14. Is end chipping due to any great extent to the quenching
by cooling water applied to the hot saws?

Replies
No 11

Yes 4

H. D. Knecht, Division Engineer, Missouri Pacific

Believe not—have considerable flow of head metal other tlian at

rail ends.

J. V. Neubert, Engineer Maintenance of Way, New York Central

We have not any facts on this but do not see how this is possible
except on cold sawed rails.
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J. B. Emerson, Vice-President, R. H. Laverie & Sons, Inc.

No. Some mills use water, others do not, and, in our judgment
the amount of quench is not sufficient to cause brittleness.

C. W. Gennet, Jr., Robert W. Hunt Co.

I do not believe that the steel of rails is quenched by water at

the time of hot sawing. In the long run it is difficult to observe with
the naked eye any pronounced cooling of the rail steel, but with col-

ored glasses there is an unquestioned drop in temperature of the metal.
This drop in temperature is not, in the writer's judgment, in any way
sufficient to affect the structure of the steel. Unless mistaken, cold sawed
sawed ends of rails have had their heads chipped.

Question 15. Is batter afifected by width of joint gap and how?

Replies

Batter increases with width of joint gap 27
No effect except when gap is closed 1

Little effect 1

W. H. Kirkbride, Engineer Maintenance of Way and Structures,
Southern Pacific Co.

All^other conditions being equal, batter is affected by width of

joint gap, particularly if rail is newly laid in track; that is, if it has
not been cold rolled under traffic.

H. M. Lull, Chief Engineer, Southern Pacific Lines, Texas and
Louisiana

Width of joint gap as provided in laying rail with standard expan-
sion allowances has little if any effect on battering.

C. W. Baldridge, Assistant Engineer, Atchison, Topeka & Santa Fe
No. There is a slightly greater wear at wide gaps, but not in the

nature of batter.

J. V. Neubert, Engineer Maintenance of Way, New York Central

Yes, the wider the opening the greater the wheel impact in a

ratio equal to the square of the span.

Question 16. Is batter affected by the use of clean, well tamped ballast

and how?
Replies

Clean, well tamped ballast decreases batter 27

H. E. Stevens, Chief Engineer, Northern Pacific

In as far as clean, well tamped ballast prevents the joint from being

low it will reduce batter, but will have no effect on joints where batter

is primarily due to chipping.

W. J. Towne, Chief Engineer, Chicago & North Western
Rail batter is greater at churning points, but the batter may have

been the cause of churning instead of vice versa.

J. V. Neubert, Engineer Maintenance of Way, New York Central

There is no question it is an aid to the uniform support of the

joint. You have not got the proper support with fouled ballast as it

destroys all your appurtenances of your joint structure.

Question 17. Is batter affected by the use of so-called base supported
joints and how?
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Replies
No effect 10

Less batter with base supported joints 7

More batter with base supported joints 6

W. H. Courtenay, Chief Engineer, Louisville & Nashville

There appears to be no difference. We have several stretches of

track, with Weber joints on one side and angle bars other side, which
can be inspected if desired.

W. P. Wiltsee, Chief Engineer, Norfolk & Western
I believe that base supported joints on rails of 100-lb. and less will

reduce rail batter, assuming that expansion allowances and maintenance
of joint is properly cared for. In other words, our experience has

been that the fishing height of rails 100-lb. and less is insufficient to

secure sufficient stift'ness in joints other than the base supported joint

type.

On rails weighing in excess of 100-lb. to the yard I do not believe
the particular type of bar used will affect rail battering, providing the
bars used have sufficient stiffness.

W. H. Kirkbride, Engineer Maintenance of Way and Structures,
Southern Pacific Co.

Battering is directly traceable to use of the base supported joint

which holds the ends of the rail in a viselike grip and acts as an anvil

to the pound of successive wheel loads, causing wearing down of the
top surface of the rail and in time resulting in battered joints.

G. J. Ray, Chief Engineer, Delaware, Lackawanna & Western
We have found by using a plate 27 inches long by 12^ inches

wide by f^ inches thick on two ties and supporting the joint

coupled with girder bars that batter is reduced to practically nothing.

J. V. Neubert, Engineer Maintenance of Way, New York Central

1 feel it does because it gives the joint the greatest support.

Question 18. Is batter affected by the use of joint bars in excess of

2 ft. long and a number of bolts in excess of four and how?

Replies
Increased 1

Decreased 6
No 7

J. V. Neubert, Engineer Maintenance of Way, New York Central

Yes, if the joint is properly designed. The New York Central
Lines' standard joint is 38 inches long, 3-ties supported.

Question 19. Is batter affected by the lack of contact between under-
side of head and top of joint bars and how?

Replies
Yes—increased 27
Yes, except for base supported joint 1

Yes—decreased 1

A. W. Newton, Chief Engineer

C. W. Breed, Engineer of Standards, Chicago, Burlington & Quincy
Yes, and also (which is most important) the joint is usually only

one-half as strong and stiff as the rail itself.
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W. J. Towne, Chief Engineer, Chicago & North Western
Badly worn angle bars generally mean less batter on the rail.

J. V. Neubert, Engineer Maintenance of Way, New York Central

Lack of contact between the under side of head and top of angle
bar permits the rail ends to work up and down, exposing them to

more excessive wheel blows, thus affecting batter.

Question 20. Is not the presence of the joint, affording three direc-

tions in which the metal can flow, the cause of rail batter?

Replies
No 3

Yes 20

Moses Burpee, Chief Engineer, Bangor & Aroostook
I think not the cause but the opportunity, yet with unyielding

support battering at joints is practically non-existent.

J. V. Neubert, Engineer Maintenance of Way, New York Central

In a measure, yes, but the degree of batter can be controlled by
the conditions listed under Question 1.

Question 21. Is batter lessened by the use of suspended and slot spiked
joints, rather than hit or miss joints, assuming equally effective

rail anchorage in each case?

Replies
Yes 9

Yes, if long plates are not used to support rail ends 1

No 14

Question 22. Is batter affected by properly adjusted elevation of outer
rail on curves and how?

Replies
Yes—reduced 14

No 5

Increased by excessive superelevation 9

S. B. Clement, Chief Engineer, Temiskaming & Northern Ontario

Excessive elevation of outer rail on curves increases rail batter
on inner rail, by increasing the proportion of the total load, which is

borne by the inner 'wheels.

W. H. Penfield, Engineer Maintenance of Way, Chicago, Milwaukee
& St. Paul

The greater the superelevation on curves the faster will be the
batter on low rail—we rarely ever have batter on the high rails.

B. M. Cheney, Verona Tool Works
Yes. On curves it is the low rail that batters and 90 per cent of

that batter is no doubt caused by slow moving freight trains. If the

curves were elevated for the freight train and passenger trains forced

to reduce speed to safe limits the batter would be greatly reduced.

W. J. Towne, Chief Engineer, Chicago & North Western
Low rail batter increases with excess elevation.

J. V. Neubert, Engineer Maintenance of Way, New York Central

Proper elevation permits each rail to take its share of the wheel
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load. 'Excessive load on either rail causes joints to "go down" which
results in rapid wear of splices and loose bolts, both of which induce

rail batter.

Question 23. Is batter affected by the difference in height of joined

rails due to tolerance in rolls and how?

Replies
Yes 25

No 3

C. W, Gennet, Jr., Robert W. Hunt Co,

I think battering and liead chipping is effected by the difference

in the height of abutting rails. Specifications permit of 3/64 inch

tolerance in the height of rails. This is frequently exceeded on the

new high sections and the variation in height frequently accumulates.
In other words, if there is 3/64 inch difference in the height, of two
rails, the writer would not think it strange if practically all of that

constituted the difference between the top surface of the head of the

rails after the joints had pulled them into place. As sections become
heavier and bigger the tolerance in rolling should really be increased.

Control of the temperature of the various bars is not absolute and
there may be a difference between rails of the same ingot. The old

idea that the tolerance provided for the wear of rolls does not hold
good today, as other matters probably cause greater variations in

height than does the wear of the rolls.

J. B. Emerson, Vice-President, R. H. Laverie & Sons, Inc.

It does not seem that standard tolerance, viz., 1/64 under to 1/32
over, should have appreciable effect, unless a rail of minimum should
happen to be joined to a rail of maximum, under which conditions
trouble might ensue.

Question 24. What is the best method of avoiding or removing such
difference?

Replies

Match rails to within 1/32 inch 1

Match rails 1

Lay consecutive rails witli brand on same side 1

Care and selection in laying rail 1

Load and ship rail of the same heat together 1

Load together rails of equal height 1

Do not use base supported joints 1

Hold tolerance to minimum 2

Reduce tolerance 1

Grind rail to level 2

Rigid specifications and inspeclion 1

Not serious enough to warrant special treatment. ... 1

Believe there is no practical method 3

Proper mill inspection 1

E. E. Adams, Assistant to the President, Union Pacific System
Where differences in height occur it would be economical to build

up the lower rail to the height of the higher rail. I do not think llial

we can expect the mills to change present permissible tolerances as
covered by present A.R.A. specifications.

J. E. Emerson, Vice-President, R. H. Laverie & Sons, Inc.

In our judgment, however, it is not possi])le to obtain a closer
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tolerance in standard mill practice. Some mills can, however, work
well inside of the above limits, but it is not applicable as a general

proposition.

C. W. Gennet, Jr., Robert W. Hunt Co.

The difference in height of abutting rails can be best overcome
in the field by grinding the rails to the same height. No better means
than at present exists around the mills can be effected to overcome
this trouble.

Question 25. Is batter or end chipping produced by fins rolled over
on the top of the rail by the cambering rolls?

Replies
No 8

Not to any extent 1

Yes 9

Yes, to some extent 2

J. V. Neubert, Engineer Maintenance of Way, New York Central

Yes, to some extent where saws are dull and heavy saw burr sinks

into rail head and then badly chipped and filed before leaving mill.

C. W. Gennet, Jr., Robert W. Hunt Co.

The fins referred to may possibly contribute to end chipping and
subsequent battering, but so many cases of chipping are known to

occur where the fins have been positively eliminated (as by milling),

that it does not seem reasonable to regard these fins as constituting

a primary cause.

Question 26. How can these rolled down fins be prevented?

Replies
Mill rail ends 2

Mill rail ends and also file in field 1

Remove by hand 1

Saw off fins 1

By careful mill inspection 2

Maintain proper expansion allowance 1

Prevent cambering rolls from reaching ends of rail. 1

Place head of rail to saw—Use balanced section rail

requiring minimum camber 1

J. V. Neubert, Engineer Maintenance of Way, New York Central

Saw in good condition. Camber rolls designed so as not to force

burr into rail head.

John B. Emerson, Vice-President, R. H. Laverie & Sons, Inc.

Standard sawing practice in a Southern mill resulted in head fin

being rolled back into front end of rail head by cambering roll. Change
in adjustment of cambering rolls has now obviated rolling this fin back
into the head. Most mills do not throw fin at the saws producing any
trouble through the ordinary cambering machine, except that in case
of dull saws the metal may be upset.

C. W. Gennet, Jr., Robert W. Hunt Co.

The only positive means for eliminating fins is by milling sufficient

metal off of the ends of the rails, yarious types of improved camber-
ing machines having movable vertical rolls may guard against the

production of these fins.
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Question 27. Is batter affected I)y the speed of trains and how?

Replies

More batter with slow train movement on curves.. 7

More batter with fast train movement 16

Yes 11

Not likely 1

Not materially 1

S. B. Clement, Chief Engineer, Temiskaming & Northern Ontario

On curves, slow speeds may cause more batter on tlie inner
rail than higher speeds approximating that which corresponds to the
theoretical elevation. In general, impact is greater with high speeds,

and forces which tend to produce batter are increased.

W. H. Penfield, Engineer Maintenance of Way, Chicago, Milwaukee
& St. Paul

Yes, the greater tlie speed the farther will be the maximum batter
from end of receiving rail and the greater the blow.

J. V. Neubert, Engineer Maintenance of Way, New York Central

This depends a good bit on the condition of your roadbed. Impact
effect of locomotive drivers is greater as speed increases.

Question 28. Is batter affected by different axle loads and how?

Replies

Increases with loads 25
Only as speed varies affects 1

Think not 1

Question 29. How do you explain the fact that with equal chemical,
maintenance and traffic conditions and identical rail sections some
rail ends batter very little and very slowly while other batter
very rapidly?

Replies

Variation in other contributing factors 1

Un-uniform material or treatment in manufacture.. 1

Unequal chemistry 1

Equal chemical and maintenance conditions at all

joints unlikely 7

Variation in design of joints 1

Variation in mill conditions 2

Doubt if generally true 2

Not a fact 1

An unexplainable fact 1

A. C. Shields, Assistant General Manager, D. & R. G. W.
It has been my experience that this is not the case. If chemical,

maintenance, and traffic conditions are the same, the fault lies in the
manner in which the rail was originally loaded.

Hunter McDonald, Chief Engineer, Nashville, Chattanooga & St. Louis

It is shown to be a fact in Appendix C above referred to but the
explanation has not yet been satisfactorily made.

J. C. Wallace, Assistant Chief Engineer, Nashville, Chattanooga &
St. Louis

Probably due to unequal temperatures of rail while being rolled
and to other varying mill conditions.

A
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F. Ringer, Chief Engineer, Missouri-Kansas-Texas Linei

DiflFerences in batter might be caused by variation in design of

joint, and track support due to character of roadbed material tending
to vary deflection and wave motion.

H. E. Stevens, Chief Engineer, Northern Pacific

We question the possibiHty of equality in the conditions enum-
erated, particularly that of chemical content, and further believe that

differences in amount of decarburization and in crystalline structure

are of greater importance.

W. P. Wiltsee, Chief Engineer, Norfolk & Western
In answer to this question I would say that under the conditions

cited in your question that the cause of excessive rail battering would
be due to the fact that an annealing process has taken place in the

cooling of rails when manufactured.

W. H. Kirkbride, Engineer Maintenance of Way and Structures,

Southern Pacific Company
Practically it is impossible to get equal chemical, metallurgical

and maintenance conditions. A combination of the various conditions
that all tend to promote rail batter will by the law of averages group
themselves at a particular joint when the joint immediately adjacent
thereto will not be battered.

G. J, Ray, Chief Engineer, Delaware, Lackawanna & Western

A roadbed of clay or other soft earth often makes it almost im-

possible to keep joints properly supported and if not properly sup-

ported the wear in bars soon develops, causing hammer on receiving

ends of rails. Where slot spikes are used in joints and rail runs more
or less the joint ties are drawn off their beds causing low joints and
tends to batter rail.

I think the most probable explanation of some rail ends battering

more readily than others is due to soft spots in the rail section coming
at the end of the rail. There are some rails which develop soft spots

and must be removed from the tracks. Where these soft spots come
near the end of the rail, the rail will batter rapidly.

B. M. Cheney, Verona Tool Works
It would seem almost impossible to find a stretch of track where

all conditions were at all times equal. In a stretch of track where
only a few battered joints are found it seems only fair to assume that

at some stage in the life of the rail there must have been a condition

at such joints that permitted batter to start, and once started it would
probably grow even after the conditions were corrected.

C. B. Brown, Chief Engineer, Operation Department, Canadian
National

It is due to lower carbon and less density of metal in some of

the rails and parts of the rail.

C. W. Gennet, Jr., Robert W. Hunt Co.

For some unknown reason, various rails act differently in service,

even though their chemical and physical characteristics, as far as we
know, are approximately the same. This is probably due to conditions

created by the freezing of the liquid steel and its subsequent heating
and rolling. At the same time the question does not apparently include

the upkeep of the joints, which is certainly a very important matter
from every standpoint. Loose joints and perhaps only one or two
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loose bolts may, in the writer's judgment, very greatly assist in the
development of batter regardless of any other conditions that are

present.

The writer considers this question of battering to be very largely

a mechanical matter. The experience of the street railway companies
probably proves the point. All kinds of trouble ensued until the roads
found that the "life of the rail was the life of the joint." It was found
that the joints must be made tight from the outset, either by actual

rivets or some other positive and effective means for eliminaitng
mechanical wear between joints and rails. This, of course, gave rise

to the welded joints now in such common use. It was demonstrated
almost from the outset that it was positively necessary to grind the

abutting rails to the same height so as to insure against any pound
of the wheels, while of course the opening between abutting rails

was kept very scant, if not tight. The result of this care in setting

up the joints has been almost a total elimination of battering on electric

railway tracks, while also the writer has never seen a case of head
chipping on any electric railway having its joints so well put up.

J. B, Emerson, Vice-President, R. H. Laverie & Sons, Inc.

We cannot do better than refer to Appendix C to report of Rail
Committee of March, 1926, Exhibits 1-B, page 551, and J, page 552.

We might further suggest that varying degrees of shelter and wall
temperature in the cooling bed sheds might promote more rapid cooling
on the ends of certain rails toward the wall, or under a leak, or on
exposure to strong cold draft, than others not so exposed, and that

on some rail ends conditions might approximate the sorbitic cooling
of the Sandberg process, while the normal of the heat might average
to the usual anneal.

J. V. Neubert, Engineer Maintenance of Way, New York Central

All conditions are not and cannot be equal or else the batter would
be equal. In spite of the statement there are a great many variables either

apparent or hidden in all these conditions listed, namely, chemical, mainte-

nance and traffic (the latter meaning wheel loads, contacts, swaying of cars,

locomotives, design, equalization, etc.).

PART IV. THE PREVENTION OF RAIL BATTERING

Question 30. Can rail battering be prevented and how?

Replies

No. N. C. & St. L.

Only by preventing end overflow. D. & R. G. W.
Yes. By more careful rolling. H. V.
Can be reduced, I believe. B. & O. C. T.
Our experience has not shown how. C. C. & O.

C. B. Brown, Chief Engineer, Operation Department, Canadian National

It can be improved by a uniform quality and density of the metal
in rails, proper maintenance of joint ties and fastenings.

B. M. Cheney
Rail battering can be minimized

:

First—By keeping track joints tight enough to develop the strength of

the joint and not too tight to permit uniform distribution of expansion and
contraction.

Second—By applying sufficient rail anchors to hold each rail where it
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was laid, keeping the anchors in working position and replacing promptly

any that fail.

Third—By keeping track joints well drained and in good surface.

G. J. Ray, Chief Engineer, Delaware, Lackawanna & Western

Rail batter can be reduced to a minimum by using a long stiff

plate supported on two ties under each rail joint and not using slot

spikes. The ties under or in the vicinity of the joint are not pulled

off their bed by rail creeping slightly and the rail ends have a uniform
firm bearing at some point on the long plate which acts as a bridge

between the two ties nearest the joint.

G. J. Ray, Chief Engineer, Delaware, Lackawanna & Western

The above combined with reasonable good maintenance, proper
chemical composition of rail and properly fitting joint bars reduces to

a minimum rail battering.

W. H. Kirkbride, Engineer Maintenance of Way and Structures,

Southern Pacific

It is recognized that certain rail early develops a tendency to flow

and if this flow is permitted it causes chipping, which in turn causes

undue battering. To avoid this, we are carrying out the policy of

chamfering the ends of new rail laid in the track on the top and gage
side with a file, for the purpose of offering the large surface of the

balance of the head for contact, thus relieving the pressure from the

top and gage side of the head that comes in contact with the wheel.
The chamfered joints are kept open with a three-cornered file until

flowing of metal stops. It is considered important to file off any fin

that forms before it bridges the gap.

W. P. Wiltsee, Chief Engineer, Norfolk & Western
I do not believe that rail battering can be entirely prevented, but

I do believe that it can be greatly lessened by: (A) Where end over-

flow has been detected, even to a slight extent, it should be cut off

either by means of saw or by means of a special chisel. (B) Careful
inspection of joints and immediate building up of rails which show
chipping. In this building up process, the ends of the rails should be
slightly tapered in the joint gap to eliminate or reduce further chipping.

(C) We believe that in the manufacture of rails that the cooling process
will have to be improved, especially in the manufacturing of rails over
100-lbs. per yard in order to secure a closer grained tougher structure.

(D) I believe that rail battering can be lessened to some extent by the

proper maintenance pf joints; that is, by providing clean well tamped
ballast, maintaining tight bolts, and providing first-class ties under
the joints.

H. E. Stevens, Chief Engineer, Northern Pacific

Probably not entirely, but can be lessened
. by preventing end

chipping, maintaining tight bolts and by keeping joints well tamped.

F. Ringer, Chief Engineer, Missouri-Kansas-Texas

Not entirely. It can be largely reduced by proper design and
maintenance of track.

J. C. Wallace, Assistant Chief Engineer, New York, Chicago & St.

Louis

The condition can be helped by good maintenance, properly de-

signed angle bars, and proper mill practice.
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W. H. Penfield, Engineer Maintenance of Way, Chicago, Milwaukee
& St Paul

Can be retarded by keeping the rail heads at as nearly the same
elevation as possible during the passage of wheels and as close together
as possible and by avoiding excessive super-elevation on curves.

S. B. Clement, Chief Engineer, Temiskaming & Northern Ontario

Battering can be reduced by higher standard of maintenance, particularly

with reference to rail gap, anclioring, spacing and tamping of joint ties.

E. E. Adams, Assistant to President, Union Pacific System
I do not believe that the rail battering can be stopped with our present

type of track structure.

Moses Burpee, Chief Engineer, Bangor & Aroostook

Undoubtedly it can be much reduced. Features that would con-
tribute are supporting to perfect surface by well drained and solid

roadbed; ballast that is practically unyielding; ties that are not sub-

jected to too great crushing loads; base plates integral with joint bars,

the latter to fit well, and bolts sufficiently strong to resist stretching.

In my observation, I have not seen any joints on bridge floors that

were appreciably battered, consequently, I conclude that good support

is the most important of the above features.

A. W. Newton, Chief Engineer

C. W. Breed, Engineer of Standards, Chicago, Burlington & Quincy

It can be prevented or retarded to a large extent:

(1) By keeping joints tight.

(2) By keeping expansion evenly distributed by means of effective

anchorage.

W. H. Courtenay, Chief Engineer, Louisville & Nashville

Do not believe battering can be prevented. It can no doubt be
reduced by better maintenance conditions, especially regulation of ex-

pansion allowance. It is probable that the manufacturers can find

means of reducing it.

H. M. Lull, Chief Engineer, Southern Pacific Lines, Texas & Louisiana

Probably cannot be entirely overcome but tlie tendency to batter

can be greatly reduced by good maintenance with respect to ties, well

tamped ballast, well drained roadbed, properly maintained expansion
allowance, the grinding down of rails to smooth surface where there

is unevenness in height, the replacement of worn splice surface bars

with new bars when wear on the old bars reaches such a point as

to make it impossible to get a proper fit in the fishing sections, and the

sawing off of fins as soon as they develop.

Albert W. McClennan, Engineer Maintenance of Way, Pennsylvania

Requires a treatise. Why do not N. Y. C. rail ends batter?

C. A. Morse, Chief Engineer, Chicago, Rock Island & Pacific

Rail pounding can be prevented l)y keeping joints properly main-
tained, keeping expansion space or joint gap properly maintained and
by renewing the joints Iiefore the amount of wear between the under

head and top of joint bar becomes so great that a pounding lakes

place which helps to develop batter.

W. C. Cushing, Engineer of Standards, Pennsylvania

Answered in (1).
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L. C. Hartley, Chief Engineer, Chicago & Eastern Illinois

Believe rail battering cannot be entirely prevented. It can be re-

duced by maintaining a proper spacing, good anchorage and good
joints.

J. V. Neubert, Engineer Maintenance of Way, New York Central

I feel that it cannot be entirely eliminated, but I_ believe it can be
improved by studies and I think it is one of the livest subjects we
have today.

Question 31. Can rail battering be lessened by sawing off the end
overflow? What is best method and approximate cost per rail end?

Replies
(a) Yes 16

No 2
(b) Sawing 6

Sawing or burning 1

Sawing or chipping 2

Chipping 1

Filing 1

Hack saw 1

Hunter McDonald, Chief Engineer, Nashville, Chattanooga & St. Louis

Use a rail saw in all joints which are not tight. For narrow gaps
make 1 cut. For wide gaps cut each rail. Use a hack saw in tight

joints. No definite data as to cost.

G. J. Ray, Chief Engineer, Delaware, Lackawanna & Western
End overilow does not materially cause battering.

W. H. Kirkbride, Engineer Maintenance of Way and Structures,
Southern Pacific

We tried the scheme of sawing off the end overflow but came
to the conclusion that the best results were obtained by filing off the

ends, making round corners, and then keeping joint gap open with
three-cornered file.

H, E. Stevens, Chief Engineer, Northern Pacific

Yes. We find that when the end flow is considerable, a cold

chisel is the best method of removing end flow, as it takes too long
to saw through it with a hack saw. A very limited number of rails

have had the end flow removed with a chisel at a cost of approxi-

mately 10 cents a joint. Those rails, however, had been neglected too

long, and it is believed that if sawed off as soon as it appears, the

end flow can be removed for about 5 cents a joint.

W. C. Cushing, Engineer Standards, Pennsylvania

Yes. Sawing is the best.

Cost, of sawing and re-drilling only, about $2.75 per ton. Total
cost of replacing, transportation, sawing and re-drilling and placing

$19.57 per ton.

C. A. Morse, Chief Engineer, Chicago, Rock Island & Pacific

When battering has reached such a stage that sawing off the

ends is contemplated then it is not a question of lessening the amount
of batter but starting out all over again with new rail and new joints.
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Question 32. Can rail battering be lessened at all joints by welding up?

Replies
Yes 22

No 2

E. E. Adams, Assistant to President, Union Pacific

Building up battered rail ends is, in my opinion, the best remedy
that we have, but it does not prevent further batter developing.

W. C. Hattan, Chief Engineer, Carolina, Clinchfield & Ohio

We are building 'up rail ends in track and find that rail ends built

up by oxweld process wear longer than new rail, indicating that the

tempering does lessen rail batter.

C. B. Brown, Chief Engineer, Operating Department, Canadian
National

Yes, if applied when battering does not exceed one-sixteenth of

an inch.

W. P. Wiltsee, Chief Engineer, Norfolk & Western

Careful inspection of joints and immediate building up of rails

which show chipping. In this building up process, the ends of the

rails should be slightly tapered in the joint gap to eliminate or reduce

further chipping.

H. A. Roberts, Engineer Maintenance of Way, Oregon-Washington
Railroad & Navigation

The batter can be removed by welding t^ut will recur—though to

less extent.

H. M. Lull, Chief Engineer, Southern Pacific Lines, Texas & Louisiana

After a rail starts to batter condition can be greatly improved by

building up rail ends by welding process, at the same time replacing

the old bars.

H. E. Stevens, Chief Engineer, Northern Pacific

Welding will restore original rail surface. We have not practiced

welding long enough to learn whether the new metal is less susceptible

to batter than the original.

G. J. Ray, Chief Engineer, Delaware, Lackawanna & Western

Welding up is a remedy and not a preventative.

J. V. Neubert, Engineer Maintenance of Way, New York Central

As a general proposition we have tried very little building up of

joints by the welding process. It is more or less in an experimental

stage, but it has improved conditions so far.

Question 33. Can rail battering be lessened by effective rail anchor-

age?
Replies

Yes 31

No

G. J. Ray, Chief Engineer, Delaware, Lackawanna & Western

Effective rail anchorage is necessary where slot spikes arc used

with angle bar type joint and long supporting plate is not used.

L. C. Hartley, Chief Engineer, Chicago & Eastern Illinois

Good anchorage, with proper spacing when laying, is perhaps the

most important item in prevention of chipped and battered ends.
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Question 34. Can rail battering be lessened by uniformly sustained

bolt tensions?
Replies

Yes 29

Only by uniformly sustained joint gaps 1

Not if all bolts tight 1

E, E, Adams, Assistant to President, Union Pacific System
Uniform bolt tensions will permit of uniform expansion and in

this manner prevent expansion bunching at a relatively few joints,

rather than being evenly distributed at every joint.

Question 35. Between what limits (in thousands of pounds) should
bolt tensions be kept?

Replies

6,000 to 10,000 lb. C. R. I. & P.

8,000 to 18,000 lb. Verona.
10,000 to 15,000 lb. C, B. & Q.; N. C. & St. L.

10,000 lb. N. P.

12,000 to 15,000 lb. U. P.

20,000 min. for 1 inch bolts. M., K. & T.
20,000 to 30,000 lb.. H. V.
As tight as possible without stretching bolts. C, C.

& O.
Approximately one-half the yield point or approxi-

mately 35,000 lb. N. & W.

Question 36. What other means of reducing rail battering do you
suggest?

Replies

Change of joint bar before excessive batter 1

Renew fastenings at least twice during the life of

rail 1

Proper maintenance of efficient rail joint 1

Extra surfacing of joints and harder tamping 1

Proper expansion 1

Keep joint gap to a minimum 2

More passes through rolls in mill 1

Improvement in uniformity and quality of rail 1

Endeavor to secure special heat treatment of rails

other than now employed 1

Use of rail joint springs with adequate reaction to

maintain tension on bolts and keep joints tight. 1

J. V. Neubert, Engineer Maintenance of Way, New York Central

See that the joints are properly applied and maintained with their

various units; with proper ties supporting; with the best ballast pos-

sible and maintained throughout the season, with the proper bearing

of the joint or rail on the tie, and renewing splice bars or bolts before

they reach the stage of no further use in service.

Question 37. Please give your views, if you have formed them, as to

the necessity and possibility of securing greater uniformity in heat

treatment (cooling) of rails as a means of lessening rail batter?

Replies

Do not consider practicable 1

Desirable 3
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W. C. Gushing, Engineer Standards, Pennsylvania

Additional hardening and toughening of rails, if not made brittle

at the same time, should assist very materially.

C. B. Brown, Chief Engineer, Operation Department, Canadian
National

A recent investigation of end l)atter showed conclusively that rails

with carbon content in higher half of range did not batter so quickly,
greater uniformity of metal will reduce battering.

S. B. Clement, Chief Engineer, Temiskaming & Northern Ontario

As we do not get equally good results from all rails of practically
identical composition, I think that variations in the heat treatment
must have a great effect on the quality of metal in the rails.

W. P. Wiltsee, Chief Engineer, Norfolk & Western
As previously stated, I believe the time has arrived when it is

necessary to secure greater uniformity in heat treatment of rails and
a special heat treatment if possible, also, better methods of cooling
rails to prevent annealing.

F. Ringer, Chief Engineer, Missouri, Kansas & Texas
The use of normalizing processes such as the sorbitic treatment,

tend to produce rail of more homogenuous structures and consequent
lessening of tendency to batter.

C. A. Morse, Chief Engineer, Chicago, Rock Island & Pacific

I think it might be well to experiment with rail cooled more rapidly
than the ordinary method of cooling on hot beds, that is, I think we
should begin by increasing the spacing between rails on hot beds so
as to allow rapid cooling.

W. L. Roller, Engineer Maintenance of Way, Hocking Valley

Much can be accomplished in this direction by such uniformity
of heat treatment.

Hunter McDonald, Chief Engineer, Nashville, Chattanooga & St. Louis

The necessity exists but method to be pursued is not known.

Question 38. What are your views as to the possibility of securing
increased resistance, to batter by some process of tempering the

ends, which will not produce end chipping?

Replies
Not practicable 4
Desirable 2

Hunter McDonald, Chief Engineer, Nashville, Chattanooga & St. Louis

Have no knowledge of how this end could be secured but think

it worthy of investigation.

W. P. Wiltsee, Chief Engineer, Norfolk & Western
Do not believe it would he practicable to temper the ends of rails

in order to secure increased resistance to batter as I believe that rails

would wear too rapidly in the portions between the heat treated ends,
and tempering of the ends only might cause increase in rail failures.

W. C. Cushing, Engineer Standards, Pennsylvania

This should not be done. If heat treatment can l)e dune c<-nii-

mercially whole rail should be treated.
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W. H. Courtenay, Chief Engineer, Louisville & Nashville

It would appear that if the ends could be tempered so as not to

produce end chipping that there should be an increased resistance to

battering.

E. E. Adams, Assistant to the President, Union Pacific System
It should be possible to heat treat the rail ends in some manner

that would give them greater toughness and thus resist end overflow.

Question 39. Please give your views as to the necessity and possibility

of securing better fit along fishing contacts by reduction in toler-

ance for rolling rails and joint bars?

Replies

Not practicable 3

Not necessary 2
Desirable 3

E. E. Adams, Assistant to President, Union Pacific System
I fear that it would be impracticable to secure proper field appli-

cation of accurately fitted joint bars, considering the small irregularities

that must necessarily exist in rolling both bars and rail.

W. H. Courtenay, Chief Engineer, Louisville & Nashville

It appears to me that improved methods of finishing the ends of
the rails would result in much better fit of the angle bars and enable
the rails to be matched up better in the track. The hot saw burrs
where they are not removed cause poor fit of the angle bars.

W. C. Cushing, Engineer Standards, Pennsylvania

The best fit possible should be obtained.

W. P. Wiltsee, Chief Engmeer, Norfolk & Western
The specifications under which we have been purchasing rail and

joint bars allow practically no tolerance affecting the fit of the joint
bars, and I do not see how the present tolerances can be reduced.
However, we have recently found that some of our joint bars did not
fit the rail properly at the ends and for a distance of perhaps 6 inches
toward the center from either end of the joint bars, due evidently to
the lack of care in the shearing of joints and the folding of the base.
Some failures have occurred due to this cause and it is our belief that
joint bars of this character will eventually contribute to rail batter due
to the lack of proper fit throughout the entire length of joint bars.

Hunter McDonald, Chief Engineer, Nashville, Chattanooga & St. Louis

Such a result if procurable would be advantageous.

C. A. Morse, Chief Engineer, Chicago, Rock Island & Pacific

I think joint bars should be designed so as to allow maximum
amount of clearance between web of rail and surface of joint bar. On
the Rock Island Lines this clearance is % inch between the web of

the rail and head of the joint bar, then as wear takes place and the
joint is tightened this clearance decreases. When the wear becomes
so great that the joint bar comes in contact with web of the rail then
efficiency of the joint is greatly reduced. I think about the only way
in which tolerance for rolling rails and joint bars can be overcome is

in proper design and allowance for this clearance as I have stated.

J. C. Wallace, Assistant Chief Engineer, New York, Chicago & St.

Louis

No tolerance along fishing contacts.
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H. A. Roberts, Engineer Maintenance of Way, Oregon-Washington
Railroad & Navigation Co.

Attach great importance to exact fit.

A. C. Shields, Assistant General Manager, Denver & Rio Grande
Western
Tliink best possible fit should be obtained, and this should result

from careful rolling to theoretical sections.

H. E. Stevens, Chief Engineer, Northern Pacific

Our specifications do not permit of any variation in the fishing

height of the bar less than the prescribed height, or of any increase
in the fishing height of the rail.

B. M. Cheney
Reduction in tolerance would, of course, help materially, but im-

provement effected might not justify the cost. It might be less costly

and accomplish nearly as much to mill the bearing surfaces of angle
bars.

H. M. Lull, Chief Engineer, Southern Pacific Lines, Texas and
Louisiana

I consider this an important feature. Tolerance allowed should
be reduced to the absolute minimum consistent with mill practices and
production cost.

W. H. Penfield, Engineer Maintenance of Way, Chicago, Milwaukee
& St. Paul

I believe that the larger rail section will improve this, as more
provision can be made in the fastenings for taking up the wear by
bolt tightening.

Moses Burpee, Chief Engineer, Bangor & Aroostook

Doubtless the fit should be made as close as practicable and efforts

to reduce the tolerance should be continued.

W. H. Kirkbride, Engineer Maintenance of Way and Structures,
Southern Pacific Co.

Close inspection and adherence to present standards will be suf-

ficient to secure a tight fit.

J. V. Neubert, Engineer Maintenance of Way, New York Central

Use A.R.E.A. rail fishing tolerance and apply the same principle

also to joint bars.

Appendix F

(6) THE EFFECT OF GAS WELDING SIGNAL OR PROPUL-
SION BONDS TO OPEN-HEARTH RAIL

E. E. Adams, Chairman; J. E. Armstrong, A. F. Blaess, C. B. Bronson,

J. deN. Macomb, A. W. Newton, W. H. Penfield, C. P. VanGundy,
F. M. Waring, W. P. Wiltsee, Louis Yager, W. C. Barnes, Sub-
Committee.

Your Conmiittee has made an intensive study of this subject from
the following angles:

1. Laboratory experiments of gas welds to the head, base and
web of rails. The results of this study were reported as information
at the 1926 session of the A.R.E.A. However, we conclude from these
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experiments that it is inadvisable to weld bonds to other than the

head of the rail.

2. From such data as the Committee has been able to gather we
do not favor the use of gas welded bonds on rail having other than
the normal manganese content. A questionnaire was circulated to 46
representative railroads and replies received from 22, and the results

of same are shown in Exhibit I. The reports show over 1,000,000 bonds
applied to rail head. 871,100 of these are signal and 141,200 are pro-

pulsion bonds. They are applied within the limit of the joint bars in

straight-of-zmy work, but in special work such as around switches, frogs,

crossings, structure grounds to rails, and impedance bonds to rail, they
are applied without the bar limits.

The reports further show no failures traceable to the use of head-
welded bonds, have so far occurred, and some of these bonds have been
in service for a period of five or six years, but a majority have been
applied within the last three years.

As information regarding the
_
effect of gas welds upon the rail,

the results of survey by the Ohio Brass Company are given in Exhibit J.

From an analysis of these replies we draw the following:

Conclusion

That, insofar as the standard Open-Hearth rail is concerned, no
detrimental effect results from gas welding signal or propulsion bonds
to the outside head of the rail, particularly within the limits of the

joint bars.

Recommendation

The Committee recommends that the application of welded bonds
to the outside head of the rail within the limits of the joint bars for

standard bonding and outside of joint bars for special work where not prac-

ticable to apply them within the joint bar limits, be approved as good
practice, and this recommendation printed in the Manual.

Exhibit J

EFFECT OF OXYACETYLENE WELDING OF BOND TO
RAIL HARDNESS SURVEY

This report presents the results of an investigation made by the Ohio
Brass Company for the purpose of determining whether any detrimental
effects are produced ih a rail when a bond is acetylene welded to it. In
such a welding operation the flame causes a local heating of the rail, and
the heated area, when cooled off, is somewhat harder than it was previous
to welding. An earlier report for September 18, 1924, gives the results

of a photographic study of this heat effect and shows clearly the position

and extent of the areas hardened by such welds in several rails of various
sizes. The object of the present work is to show not only the extent
but also to measure quantitatively the degree of hardening.

In order to secure this information a bond of the St-2 type was gas
welded on the side of the ball of a 110 pound rail. It is believed that

the torch was applied longer and the heat effect even greater than it

would be in ordinary practice. The photograph appended shows the

actual rail and weld at half size. After the weld was made the bond
was machined from the surface and the latter cut down 1/32 inch. On
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this new surface a set of Rockwell hardness tests (diamond cone) was
made in parallel rows. The distance between each impression and each
row was 1/16 inch. The rail section was 104/16 (6H inches) long and
the mid-point of the bond was located at 59/16. After the area effected

by the weld had been completely explored, a second cut, % inch deeper,

was made and the tests repeated. Such slices were then continued at

1/16 inch intervals until the hardened area had been cut away, each

exposed surface being completely tested before making the next cut.

View of St-2 Bond Welded to 110-lb. Rail

From the data thus obtained three complete sets of graphs or con-
tours were plotted. Graphs lA to 17A show the distribution along hori-
zontal, IB to 8B along vertical, and IC to IOC along transverse planes.

The half size drawing accompanying each set illustrates the location of
the sections on which the corresponding curves were taken. The hard-
ness determinations were actually made on the B planes. In the case of
the transverse sections, C planes, graph 1 illustrates the hardness condi-
tions at the 35/16 point and the other graphs give the conditions at 5/16
inch intervals up to the 80/16 point. The relation of the Rockwell to the
Brinell hardness numbers was determined on samples from the rail and
the results are given on page 4.

The contours show that the maximum hardness that resulted from
the welding operation was C40 Rockwell, while the normal hardness of

the rail was C26. The region of greatest hardness was all confined
within the following maximum dimensions: two and one-half inches
long, one and one-sixtccnth inches wide, and one-quarter of an inch deep.

In some spots at the boundary of the effected zone the metal was slightly

softened by the heat application. The maximum dimensions of the

volume in which any change in hardness was noted were three inches
long, one and three-eighths inches wide, and nine-sixteenths of an inch
deep. These curves show graphically and quantitatively the hardness
changes resulting from gas welding a bond to a rail.



1014 Rail

>$ "^ ^



Rail 1015

A-HoRizoTAL Sections



1016
Rail

J-2^<i Of /^>i JncA



Rail 1017

az'^'s Of fin Inch



1018 Rail

3Z'2^s Of/9»/>7cJf



Rail 1019

J-Z-i Ofi9^/^c/r



1020 Rail

3Z*^i Of t^r, /p,ci^



J2^i^//^>,/^^^
)



1022 Rail

3Z<^^ 0//9» McJ,



Rail 1023

3Z*^jO/^»/^c.h



1024 Rail

3Z''-^:s Of^n /ncA



Rail 1025

l|lH|!|01tp|l!lilifll|lli

31"-^s Of /^ti/nch



1026 Rail

«, " <<> \«>

SZ'^s Of /9tf ffTch

I



Rail 1027



1028 Rail



Rail 1029



1030 Rail



Rail 1031



1032 Rail



Rail 1033

B— VERTrcAL. Secxions



/a^sO/ fin /»ch



Rail 1035



1036 Rail



Rail 1037



1038 Rail

/eii's 0/ t9rf/ptch



Rail 1039

S *: tJ C * !j 54

pliiiiMj
~ ^ ^ n ti



1040 Rail

^ N -^^ ^

/<5 ^J. O/^ /?» Jnc/,



Rail 1041

tttill|HHtitH[TltHWi[HH! ! H']Hlt|lltl|IIIJ)!l)!j»ii|;4-|4[»'iiii

'1'

I
I-

\

»> « I-. •» IV •* »• ^

/6?^> 0/-/9/? /»cA



1042 Rail

C ^^ Tkansverse Sections



Rail 1043

U._--4-...^^..:

!:; "1

H--.i...:f-

•|i-i<itUil;ii.!{;ft



1044 Rail



Rai 1045

(„..,.. ..,....,....|....: ......
I

, I I



1046 Rail

/6 '''*5 Of fin Inch



Rai 1047

l<i>-^^s Of (^^ Inch



1048 Rail

IG ^'''s 0/ /9/7 /nch
O <* ^ >« 00



Rail 1049

/6 ^^'s Of dn Inch



1050 Rail

/G^^'s Of /fy, /»c/t

o ^ ^ "^ «» ^



Rail 1051

16 7"^ J 0/ ^n /nch

Miiiiiiiiiiiiiiiiiiii



1052 Rail

/(, ^^s Of <^r, Inch

Q^^^«.o^:l»:»?H



REPORT OF COMMITTEE VIII—MASONRY

C. C. Westfall, Chairman; Job Tuthill, Vice-Chairman,

•

J. T. Andrews, J. A. Lahmer,
J. A. BoHLAND, J. F. Leonard,
G. E. Boyd, C. P. Richardson,
H. M. Brown, Blair Ripley,

M. W. Beach, F. E. Schall,
T. L. CoNDRON, L. W. Skov,

T. L. D. Hadwen, a. E. Smith,

J. L. Harrington, T. M. von Sprecken,
M. Hirschthal, G. E. Tebbetts,

A. C. Irwin, R. A. Van Ness,

W. S. Lacker, J. J. Yates,
A. N. Laird, Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith its report on:

(a) Revision of the Manual.

(b) Developments in the Art of Making Concrete.

Action Recommended

1. That the report on the revision of the Manual be accepted and

that the changes recommended be incorporated in the Manual.

2. That the report on Developments in the Art of Making Con-

crete be accepted as information.

Recommendations for Future Work

\. Revision of the Manual.

2. Principles of design of concrete, plain and reinforced, for use

in railroad structures.

3. Developments in the art of making concrete.

4. Keep in touch with the action of the Joint Committee on

Standard Specifications for Concrete and Reinforced Concrete and re-

port same to the Association.

5. Prepare specifications for foundation work, including excava-

tion, cofferdams, piling, etc.

6. Outline of work for the ensuing year.

Respectfully submitted,.

The Committee on Masonry,

C. C. Westfall, Chairman.

Bulletin 205, March. 1927.
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(A) REVISION OF THE MANUAL

The Committee presents a complete new Specification for Concrete,

Plain and Reinforced. This specification is based largely upon the

Specification of the Joint Committee on Concrete and Reinforced

Concrete.

The Specifications for Proportioning are in accordance with the

theory of the Water Cement Ratio, based upon the production of

concrete of certain specified strengths, depending upon the ratio of

the water content to the cement content.

The section on Design is in accordance with the Report of the

Joint Committee, with the exception of the complete elimination of

certain controversial theories, which include the section on Flat Slabs,

Columns and T-beams. There are also some changes in the permissible

unit stresses and some minor changes throughout the specifications.

A new specification for Portland Cement is submitted, this speci-

fication being one that has been lately adopted by the American Society

for Testing Materials, and was prepared by a Committee of that Society

upon which are three members of the Masonry Committee of the

American Railway Engineering Association.

Recommendations

(a) It is recommended that the new Specifications for Concrete,

Plain and Reinforced, herein presented be accepted and that they be

substituted for the specifications now appearing in the Manual.

(b) That the New Specifications for Portland Cement, as adopted

by the American Society for Testing Materials, be accepted and be

substituted for the specifications for Portland Cement which now
appear in the Manual.

(c) That under the heading Specifications for Constructing Pre-

molded Concrete Piles on page 415 of the Manual, paragraph four be

changed to read as follows:

"Concrete shall be of such mixture as to give a

strength of 3,000 lb. per square inch at 28 days."

That paragraphs five, six and seven relating to forms, placing of

reinforcement and concreting in freezing weather and pertaining to

the manufacture of concrete piles be omitted.

(d) That under the heading Specifications for Driving Premolded
Concrete Piles on page 417 of the Manual the second paragraph of

section eight and explanatory notes, all of which refer to the cuts and

all cuts showing the details of concrete piles be omitted.

(e) That the entire section Design of Reinforced Concrete Struc-

tures on pages 420, 421 and 422 of the Manual be omitted, as this

information appears in the revised specifications for Concrete and

Reinforced which are now offered.
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(f) In paragraph five on page 432 of the Manual on the Design

of Retaining Walls, a change is made so that this paragraph will read:

"Where retaining wall rests on solid rock or is carried

on piles, the resultant thrust E may strike slightly outside

the middle third, provided the wall is safe against over-

turning, and also provided the maximum allowable pressure

is not exceeded, but in no case shall the righting moment be

less than 1J4 times the overturning moment."

(g) That the material appearing under the heading Monolithic

Construction and Waterproofing of Masonry on page 433 of the

^lanual and the section on Disintegration of Concrete and Corrosion

of Reinforced Metal on page 434 be omitted, as the information given

therein is covered by the new specifications.
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Appendix A

SPECIFICATIONS FOR CONCRETE, PLAIN AND
REINFORCED

MATERIALS

Cement
Portland Cement

1. The cement shall meet the requirements of the American Rail-

way Engineering Association's "Specifications for Portland Cement."

Cement that has hardened or partially set shall not be used.

Fine Aggregate

General

2. Fine aggregate shall consist of sand or other approved inert

materials with similar characteristics, or a combination thereof, having

clean, hard, strong, durable, uncoated grains and free from injurious

amounts of dust, lumps, soft or flaky particles, shale, alkali, organic

matter, loam or other deleterious substances.

Grading

3. Fine aggregate shall range in size from fine to coarse within

the limits indicated below, percentage by weight:

Passing through No. 4 sieve 100 per cent

Passing through No. 50 sieve Not more than 30 per cent

Not less than 10 per cent

Passing through No. lOO sieve,

when screened dry Not more than 6 per cent

Volume removed by sedimentation . Not more than 3 per cent

Organic Impurities in Sand

4. Natural sand which shows a color darker than the standard

color when tested in accordance with the Colorimetric Test for Sands

shall not be used unless the concrete made with the materials and in the

proportions to be used on the work is shown by tests to be of the required

strength.

Coarse Aggregate

General

5. Coarse aggregate shall consist of crushed stone, gravel, or

other approved inert materials with similar characteristics, or combina-

tions thereof, having clean, hard, strong, durable, uncoated particles

free from injurious amounts of soft, friable, thin, elongated or laminated

pieces, alkali, organic or other deleterious matter.

Slag

6. Provided the contract specifically permits the use of crushed

slag as a coarse aggregate, it shall be air cooled, blast furnace slag,
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conforming to all the requirements for coarse aggregate specified in

paragraph five. The crushed slag shall weigh not less than seventy

(70) lbs. per cubic foot, and shall be obtained only from such banks as

have the approval of the Engineer. All slag used shall have seasoned

in the bank for a period not less than one (1) year, unless in the

opinion of the Engineer a shorter period is sufficient.

Grading

7. Coarse aggregate shall grade in size from fine to coarse, pre-

ferably within the following percentages, by weight:

Passing maximum size sieve Not less than 95 per cent

Passing sieve H the maximum Not more than 75 per cent

Not less than 40 per cent

Passing No. 4 sieve Not more than 6 per cent

The maximum size of coarse aggregate shall be not more than three inches

and shall be not more than four-fifths of the minimum clear space between

reinforcement bars or mesh.

Mixing Water

8. Mixing water shall be free from oil, acid, and injurious amounts

of vegetable matter, alkalies or other salts.

Stor.'^ge of Cement and Aggregates

Storing Cement

9. The cement shall be stored in a weather tight structure with

the floor raised not less than one foot from the ground, in such manner

as to permit easy access for proper inspection and identification of

each shipment. Cement that has hardened or partially set shall be

removed from the site and not used in the work.

Storing Aggregates

The fine and coarse aggregates shall be stored separately and in

such manner as to avoid the inclusion of dirt and other foreign material

in the concrete. Coarse aggregate shall be unloaded and piled in such

manner as to maintain the grading of the sizes.

STEEL REINFORCEMENT
Quality

10. Steel rods or bars used for reinforcing shall conform to the

requirements of the American Railway Engineering Association's

"Specifications for Billet-Steel Concrete Reinforcement Bars."

Structural steel shapes used for reinforcing shall conform to the

requirements of the American Railway Engineering Association's

".Specifications for Steel Railway Bridges."



1058 Masonry

Size of Bars

11. Reinforcement bars shall conform to the areas and equivalent

sizes shown in the following table:

Sizes and Areas of Reinforcement Bars

Area Sq. In.

Si.zc of Bar In. Round Bar Square Bar

3/8 0.110

1/2 0.196 0.250

5/8 0.306

3/4 0.441

7/8 0.601

1 0.785 1.000

1-1/8 1.265

1-1/4 1.562

Deformed Bars

12. An approved deformed bar shall be one that will develop a

bond at least 25 per cent greater than that of a plain round bar of

equivalent cross-sectional area. The areas of deformed bars shall be

determined by the minimum cross-section thereof.

Wire

13. Wire for concrete reinforcement shall be cold drawn steel

wire.

Spirals

14. Spirals for column reinforcement shall be cold drawn steel

wire.

Proportioning and Mixing

General

15. The unit of measure shall be the cubic foot. Ninety-four

(94) lb. (one (1) sack or one-fourth (J4) barrel) of cement shall be

assumed as one (1) cubic foot.

Measuring Ingredients

16. The methoti of measurement shall be such as to secure the

specified proportions in each batch. The aggregates shall be measured

separately by volume or weight. In volume measurement the fine

aggregate and the coarse aggregate shall be measured loose, as thrown

into the measuring device, due allowance being made for bulking. The
water shall be so measured as to insure the desired quantity in suc-

cessive batches.

Proportioning

Water Cement Ratio

17. The proportioning of materials for the class of concrete specified

or shown on the plans shall be based on the requirements for a plastic and

tuorkable mix containing not more than the amount of zvater per sack

(94 lb.) of cement for each class of concrete as follows:
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Amount of Water

Class of Concrete
Compression Strength Gallons of Water

Lb. per sq. in. 28 Days Per Sack of Cement

3500 4.75

3000 5.50

2500 6.25

2000 7.00

1500 8.00

These quantities of water must not be exceeded. Water in the

aggregate must be included in the quantity specified and subtracted

from the amount added to the mixture.

Moisture in Aggregate

18. Moisture in the aggregate shall be measured by methods

satisfactory to the Engineer, which will give results within one pound

tor each 100 lb. of aggregate.

Workability

19. The mixture shall be such as to produce concrete that can be

worked readily into the corners and angles of the form and around

the reinforcement without excessive spading. The workability will be

controlled by adding or deducting fine or coarse aggregate, but in no

case shall the amount of coarse aggregate be such as to produce

harshness in placing or honeycombing in the structure.*

Slump

20. The slump shall be within the following limits: •

Slump Inches
Type of Work Minimum Maximum

Massive sections 1 3

Heavy walls, slabs and beams.. 2 5 .

Thin walls, columns, etc 3 6

Pavements 1 3

Tests

21. Duplicate copies of all test data taken by the contractor for

the control of concrete shall be filed with the Engineer immediately

after the data is obtained. The contractor shall furnish concrete for

such test cylinders as the Engineer may require.

Compression Tests

22. Specimens for compression tests shall be made and stored in

accordance with the "Standard Method of Making and Storing Speci-

•That combination of fine and coarse aggregate which will produce the desired
workability will vary with the gradinf; of the aggregates. Combinations of fine and
coarse aggregate within the following limits will ordinarily produce workable mixes:

For ^4 in. maximum size of aggregate

—

Not more than 1% parts of fine to one part of coarse, and
Not less than % part of fine to one part of coarse.

l'"or 1 in. and over maximum size of aggregate

—

Not more than 1 part of fine to one part of coarse, and
Not less than yi part of fine to one part of coarse.
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mens of Concrete in the Field" (Serial Designation C 31-21) of the

American Society for Testing Materials. These specimens shall be

tested in accordance with "Tentative Method of Making Compression

Tests of Concrete" (Serial Designation C 39-21 T), of the Aijierican

Society for Testing Materials.

Mixing

Machine Mixing

23. The mixing of concrete, unless otherwise authorized by the

Engineer, shall be done in a batch mixer of approved type which will

insure a uniform distribution of the materials throughout the mass, so

that the mixture is uniform in color and homogeneous. The mixer

shall be equipped with suitable charging hopper, water storage, and a

water measuring device controlled from a case which can be kept

locked and so constructed that the water can be discharged only while

the mixer is being charged. It shall also be equipped with an attach-

ment for automatically locking the discharge lever until the batch has

been mixed the required time after all materials are in the mixer. The
entire contents of the drum shall be discharged before recharging.

The mixer shall be cleaned at frequent intervals while in use. The
volume of the mixed material per batch shall not exceed the manu-
facturer's rated capacity of the mixer.

Time of Mixing

24. The mixing of each batch shall continue not less than one

minute after all the materials are in the mixer, during which time the

mixer shall rotate at a peripheral speed of about 200 ft. per minute.

Hand Mixing

25. When it is permitted to mix by hand, the mixing shall be

done on a watertight platform of sufficient size to accommodate men
and materials for the progressive and rapid mixing of at least two

batches of concrete at the same time. The batches shall not exceed

one-half (i^) cubic yard each. The materials shall be mixed dry until

the mixture is of a'uniform color, the required amount of water added,

and the mixing continued until the batch is of a uniform consistency

and character throughout. Hand mixing will not be permitted for

concrete deposited under water.

Retempering

26. The retempering of concrete or mortar which has partially

hardened, that is, remixing with or without additional cement, aggre-

gate, or water, will not be permitted.

Depositing Concrete

Cleaning Equipment

27. Before beginning a run of concrete, hardened concrete and
foreign materials shall be removed from the inner surfaces of the

mixing and conveying equipment.
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General

28. Before depositing any concrete, all debris shall be removed
from the space to be occupied by the concrete, all steel reinforcing

shall be secured in its proper location, all forms shall be thoroughly

wetted except in freezing weather, unless they have been previously

oiled, and all form work and steel reinforcing shall be inspected and

approved by the Engineer.

Handling and Placing

29. Concrete shall be handled from the mixer to the place of

final deposit as rapidly as practicable by methods which shall prevent

the separation or loss of the ingredients. It shall be deposited in the

forms as nearly as practicable in its final position to avoid rehandling.

It shall be so deposited as to maintain, until the completion of the

unit, a plastic surface approximately horizontal. Forms for walls or

other thin sections of considerable height shall be provided with

openings, or other devices, that will permit the concrete to be placed

in a manner that will avoid accumulations of hardened concrete on

the forms or metal reinforcement. Under no circumstances shall con-

crete that has partially hardened be deposited in the work.

Chuting

30. When concrete is conveyed by chuting, the plant shall be

of such size and design as to insure a practically continuous flow in

the chute. The angle of the chute with the horizontal shall be such

as to allow the concrete to flow without separation of the ingredients.

The delivery end of the chute shall be as close as possible to the point

of deposit. When the operation is intermittent, the spout shall dis-

charge into a hopper. The chute shall be thoroughly flushed with

water before and after each run; the water used for this purpose shall

be discharged outside the forms.

Compacting

31. Concrete, during and immediately after depositing, shall be

thoroughly compacted by means of suitable tools. For thin walls of

inaccessible portions of the forms, where rodding or forking is im-

practicable, the concrete shall be assisted into place by tapping or

hammering the forms opposite the freshly deposited concrete. The
concrete shall be thoroughly worked around the reinforcement, and
around embedded fixtures and into the corners of the forms.

Removal of Water

32. Water shall be removed from excavations before concrete is

deposited, unless otherwise directed by the Engineer. Any flow of

water into the excavation shall be diverted through proper side drains

to a sump, or be removed by other approved methods which will avoid

washing the freshly deposited concrete. Water vent pipes and drains

shall be filled by grouting or otherwise, after the concrete has thor-

oughly hardened.
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Protection

33. Exposed surfaces of concrete shall be protected from prema-

ture drying for a period of at least seven days after being deposited.

Temperature

34. Concrete when deposited shall have a temperature not below
50° Fahr. and not above 120° Fahr. In freezing weather suitable means

shall be provided for maintaining the concrete at a teinperature not

lower than 50° Fahr., for not less than 72 hours after placing, or until

the concrete has thoroughly hardened. The methods of heating the

materials and protecting the concrete shall be approved by the Engi-

neer. Salt, chemicals, or other foreign materials shall not be mixed

with the concrete for the purpose of preventing freezing.

Continuous Depositing

35. Concrete shall be deposited continuously and as rapidly as

practicable until the unit of operation, approved by the Engineer, is

completed. Construction joints at points not provided for in the plans

shall be made in accordance with the provisions in Section 58.

Depositing Against Other Concrete

36. Before depositing new concrete on or against concrete which

has hardened, the forms shall be retightened, the surface of the hard-

ened concrete shall be roughened as required by the Engineer, thor-

oughly cleaned of foreign matter and laitance, and saturated with

water. The new concrete placed in contact with hardened or partially

hardened concrete shall contain an excess of mortar to insure bond.

To insure this excess mortar at the juncture of the hardened and the

newly deposited concrete, the cleaned and saturated surfaces of the

hardened concrete, including vertical and inclined surfaces, shall first

be slushed with a coating of neat cement grout against which the new
concrete shall be placed before the grout has attained its initial set.

Depositing Concrete Under Water
General

37. When the depositing of concrete under water is authorized

by the Engineer, the methods, equipment and materials to be used

shall be submitted to and approved by the Engineer before the work
is started. Concrete shall be deposited by a method that will prevent

the washing of the cement from the mixture, minimize the formation

of laitance and avoid flow of water until the concrete has fully hard-

ened. Concrete shall be placed so as to minimize segregation of

materials. Concrete shall not be placed in water having a temperature

below 35° Fahr.

Amount of Cement

38. Concrete to be deposited under water shall contain 1^4 bbl.

(7 bags) or more of Portland cement per cubic yard of concrete in

place.
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Cofferdams

39. Cofferdams shall be sufficiently tight to prevent flow of water

through the space in which the concrete is to be deposited. Pumping
will not be permitted while concrete is being deposited, nor before it

has fully hardened.

Continuous Work
40. When depositing concrete under water is permitted, concrete

shall be deposited continuously, keeping the top su;rface as nearly level

as possible, until it is brought above the water, or to the required

height. The work shall be carried on with sufficient rapidity to prevent

the formation of layers.

Method

41. One of the following methods of depositing concrete under

water may be used:

(a) Tremie: The tremie shall be water-tight and sufficiently large

to permit a free flow of concrete. It shall be kept filled ' at all times

during depositing. The concrete shall be discharged and spread by

raising the tremie in such manner as to maintain as nearly as prac-

ticable a uniform flow and avoid dropping the concrete through water.

If the charge is lost during depositing the tremie shall be withdrawn
and refilled.

(b) Drop-Bottom Bucket: The bucket shall be of a type that cannot

be dumped until it rests on the surface upon which the concrete is to

be deposited. The bottom doors when tripped shall open freely down-
ward and outward. The top of the bucket shall be open. The bucket

shall be completely filled, and slowly lowered to avoid back-wash.

When discharged, the bucket shall be withdrawn slowly until well

above the concrete.

(c) Bags: Bags of jute or other coarse cloth shall be filled about

two-thirds full of concrete and carefully placed by hand in a header-

and-stretcher system so that the whole mass is interlocked.

Laitance

42. Great care shall be exercised to not disturb the concrete more
than is unavoidable when it is being deposited under water in order to

avoid the formation of laitance. On completing a section of concrete,

the laitance shall be entirely removed before work is resumed.

Forms
General

43. Forms shall conform to the shape, lines and dimensions of

the concrete as called for on the plans. Lumber used in forms for

* The tremie may be filled by one of the following methods: (1) Place the lower
end in a box partly filled with concrete, so as to seal the bottom, then lower into posi-

tion; (2) plug the tremie with cloth sacks or other material, which will be forced down
as the pipe is filled with concrete; (3) plug the end of the tremie with cloth sacks
filled with concrete.
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exposed surfaces shall be dressed to a uniform thickness, and shall

be free from loose knots or other defects. Joints in forms shall be

horizontal or vertical. For unexposed surfaces and rough work, un-

dressed lumber may be used. Lumber once used in forms shall have

nails withdrawn, and surfaces to be in contact with concrete thoroughly

cleaned, before being used again.

Design

44. Forms shall be substantial and sufficiently tight to prevent

leakage of mortar; they shall be properly braced or tied together so

as to maintain position and shape. If adequate foundation for shores

cannot be secured, trussed supports shall be provided.

Ties and Workmanship

45. Bolts and rods shall preferably be used for internal ties; they

shall be so arranged that when the forms are removed no metal shall

be within one inch of any surface. Wire ties will be permitted only

on light and unimportant work; they shall not be used through sur-

faces where discoloration would be objectionable. Shores supporting

successive stories shall be placed directly over those below, or so

designed that the load will be transmitted directly to them. Forms

shall be set to line and grade and so constructed and fastened as to

produce true lines. Special care shall be used to prevent bulging.

Molding

46. Unless otherwise specified, suitable moldings or bevels shall

be placed in the angles of forms to round or bevel the edges of the

concrete.

Oiling Forms

47. The inside of forms shall be coated with non-staining mineral

oil or other approved material or thoroughly wetted (except in freez-

ing weather). Where oil is used, it shall be applied before the rein-

forcement is placed.

Temporary Openings ,

48. Temporary openings shall be provided at the base of column

and wall forms, and at other points where necessary to facilitate clean-

ing and inspection immediately before depositing concrete.

Removal

49. Forms shall not be disturbed until authorized by the Engi-

neer. Shoring shall not be removed until the member has acquired

sufficient strength to safely support its weight and the load upon it.

Members subject to additional loads during construction shall be ade-

quately shored to support both the member and construction loads

in such a manner as will protect the member from damage by the

loads; this shoring shall not be removed until the member has acquired

sufficient strength to safely support its weight and the load upon it.
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Metal Reinforcement
Cleaning

50. Metal reinforcement, before being positioned, shall be thor-

oughly cleaned of mill and rust scale and of coatings that will destroy

or reduce the bond. Reinforcement appreciably reduced in section

shall be rejected. Where there is delay in depositing concrete, rein-

forcement shall be reinspected and, when necessary, cleaned.

Bending

51. Reinforcement shall be carefully formed to the dimensions

indicated on the plans. Cold bends shall be made around a pin having

a diameter of three or more times the least dimension of the rein-

forcement bars for steel of structural grade and six or more times

that for steel of intermediate or hard grade.

Straightening

52. Metal reinforcement shall not be bent or straightened in a

manner that will injure the material. Bars with kinks or bends not

shown on the plans shall not be used. Heating of reinforcement will

be permitted only when the entire operation is approved by the Engi-

neer.

Placing

53. Metal reinforcement shall be accurately positioned, and
secured against displacement by using annealed iron wire of not less

than No. 18 gage or suitable clips at intersections, and shall be sup-

ported by concrete or metal chairs or spacers, or metal hangers, unless

otherwise shown on the plans. The minimum clear distance between

parallel bars shall be 1^ times the diameter of round bars or 1^
times the diagonal of square bars, and bars parallel to the face of

any member shall be embedded a clear distance of not less than one

inch from the face.

Splicing

54. Wherever it is necessary to splice the reinforcement other-

wise than as shown on the plans, the character of the splice shall be

decided by the Engineer on the basis of safe bond stress and the stress

in the reinforcement at the point of splice. Splices shall not be made
at points of maximum stress nor shall adjacent bars be spliced at the

same point.

Splices in columns, piers and struts shall provide sufficient lap

to transfer the stress by bond.

Future Bonding

55. Exposed reinforcement bars intended for bonding with future

extensions shall be protected from corrosion.
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Protective Concrete Covering

Moisture Protection

56. Metal reinforcement in vi^all footings and column footings

shall have a minimum covering of three inches of concrete. At sur-

faces of concrete exposed to the weather, metal reinforcement shall

be protected by not less than two inches of concrete.

Joints

General

57. Instructions given on the plans, in the detailed specifications

or schedule governing the work as to location and construction of

joints, shall be strictly followed.

When the structures or portions of the structures are designed

to be monolithic, they shall be cast integrally, except as hereinafter

modified.

Construction Joints

58. (a) When necessary to provide construction joints not indi-

cated or specified, such joints shall be located and formed so as to not

impair the strength and to least impair the appearance of the structure.

Where conditions require, the joints shall be reinforced as directed

by the Engineer in order to secure the necessary bond strength. Hori-

zontal construction joints shall be prepared at the time the work is

interrupted by thoroughly roughening the surface and providing keys

or mortises, or by means of steel dowels set substantially at right

angles to the plane of the joint.

(b) To prevent laitance in horizontal joints, excess water shall be

removed from the surface forming the joint after depositing the con-

crete. Surfaces of contact shall be cleaned and wetted before deposit-

ing is resumed, and any laitance shall be removed.

(c) Where girders, beams and slabs are designed to be monolithic

with walls and columns they shall not be cast until four hours after

completion of the walls or columns in order to permit of shrinkage

or settlement. In case the columns are structural steel incased in

concrete, the lapse of time to allow for shrinkage or settlement need

not be observed.

Joints in Columns

59. Joints in colunms shall be made at the underside of the

floor. Haunches and column capitals shall be considered as part of

and to act continuous with the floor. At least two hours must elapse

after depositing concrete in the columns or walls before depositing

in beams, girders or slabs.

Joints in Floors

60. Construction joints in floors shall be located near the middle

of spans of slabs, beams or girders, unless a beam intersects a girder



Masonry 1067

at this point, in which case the joints in the girders shall be offset a

distance equal to twice the width of the beam. Adequate provision

shall be made for shear by use of inclined reinforcement.

Expansion Joints

61. At all expansion joints, the structure adjacent to the joint

shall preferably be supported on separate columns or walls. Rein-

forcement shall not extend across an expansion joint; the break between

the two sections shall be complete. Exposed edges of expansion

joints in walls or abutments shall be rounded. Exposed expansion

joints between two distinct concrete members shall be filled with an

elastic joint filler of approved quality.

Sliding Joints

62. The seat of sliding joints shall be finished to a smooth plane

surface and allowed to harden.

Water-tight Construction Joints

63. Where construction joints are required to be water-tight the

method of construction shall be as follows:

(a) Horizontal joints shall be constructed by forming a con-

tinuous keyway in the lower portion of concrete before the concrete

has hardened. Before placing the superimposed concrete the joint

shall be thoroughly cleaned of laitance or other foreign material,

saturated with water and coated with neat cement grout. The super-

imposed concrete shall be placed in such a manner as will insure an

excess of mortar over the entire surface of the joint.

(b) Vertical joints shall be made by a non-corrosive metal water-

stop approved by the Engineer.

Waterproofing

General

64. Concrete required to be water-tight shall be made with strict

adherence to all provisions in these specifications regarding the choice

of materials, proportions, consistency, mixing, placing, protection, and

workmanship.

Integral Com|>ounds

65. Integral compounds shall not be used for waterproofing unless

specifically authorized by the Engineer.

Concrete in Sea Water
Proportions

66. Plain concrete in sea water from 2 ft. below low water to

2 ft. above high water, or from a plane below to a plane above wave
action, shall contain a minimum of 1^ bbl. (7 bags) of Portland

cement per cubic yard in place. Other plain concrete in sea water

or exposed directly along the sea coast shall contain a minimum of
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lj4 bbl. (6 bags) of Portland cement per cubic yard in place. Porous

or weak aggregates shall not be used.

Depositing in Sea Water

67. Sea water shall not be allowed to come in contact with the

concrete until it has hardened for at least four days. Concrete shall

be placed in such a manner as to minimize the number of horizontal

or inclined seams or work planes. The placing of concrete between

tides shall be, so far as possible, a continuous operation. Concrete

shall be deposited in sea water only when so directed by the Engi-

neer.

Protecting Concrete in Sea Water

68. In concrete exposed to sea water the metal reinforcement

shall be placed not less than three inches from any plane or curved

surface, and at corners it shall be not less than four inches from

adjacent surfaces. Metal chair supports or ties shall not extend to

the surface of the concrete. Where severe climatic conditions or severe

abrasions are anticipated, the face of the concrete from two feet below

low water to two feet above high water, or from a plane below to

a plane above wave action shall be protected by stone of suitable qual-

ity or dense vitrified shale brick as designated on the plans or as

required by the Engineer, or in special cases the protection may be

creosoted timber.

Concrete in Alkali Soils or Waters

Proportions

69. Concrete in alkali waters or below ground-line of alkali soils

shall contain a minimum of 1^ bbl. (7 bags) of Portland cement per

cubic yard in place.

Placing

70. Concrete in alkali soils or waters shall be placed in such a

manner as to minimize the number of horizontal or inclined seams,

or work planes.

Protection

71. Metal reinforcement or other corrodible metal shall not be

placed closer than two inches to the surface of members exposed to

alkali soils or waters. In foundations and in heavy structures the

metal reinforcement shall not be placed closer than three inches to

the surface.

Surface Finish

General

72. (a) The requirements in these specifications applying to forms,

mixing, conveying and depositing concrete shall be followed unless

modified by the plans or by the direction of the Engineer.

(b) The whole of an exposed surface between prescribed construc-

tion limits shall be cast in one continuous operation. Construction and
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expansion joints, when not shown on tlie plans, shall be made as

directed by the Engineer, and shall be true to line with sharp un-

broken edges.

(c) The same brand of cement and the same kind and size of

aggregate shall be used throughout the whole of any exposed surface.

(d) For exposed surfaces the forms shall be smooth and water-

tight. If of wood the boards shall be planed to a uniform thickness

evenly matched with tongue and groove and tightly placed. They shall

be so constructed that they can be removed without hammering or pry-

ing against the concrete. All offsets or mismatching of the boards

shall be dressed to a smooth surface and all openings and cracks

pointed flush with clay or plaster of Paris, to prevent leakage and

the formation of fins.

(e) The concrete for exposed surfaces shall be so mixed, placed

and worked with a spading tool, that the aggregate is uniformly dis-

tributed and a full surface of mortar brought against the form, free

from air pockets and void spaces. If the finish is to be one that will

expose the coarse aggregate, by either scrubbing, tooling, sand-blasting

or acid treatment, then after the full surface of mortar has been worked

against the form, the coarse aggregate shall be spaded against the

form, to secure a uniform distribution at the face and a uniform texture

of the exposed aggregate in the finished surface.

(f) The forms shall be removed from exposed surfaces as soon as

the proper setting of the cement will permit, all fins and other projec-

tions carefully removed and offsets leveled; all voids and damaged
places shall be immediately saturated with water, filled with a mixture

of the same composition as the concrete and smoothed even with the

surface with a wooden float or spatula. A steel trowel shall not be

used for this purpose. Plastering and brush coating will not be per-

mitted. The surface shall be finished free from streaks, discolorations

and other imperfections.

(g) Whenever the forms are removed before the concrete has

properly set, the surface shall be immediately wetted and kept wet for

not less than three days.

Top Surfaces Not Subject to Wear

IZ. Top surfaces not subject to wear shall be smoothed with a

wood float and be kept wet for at least seven days. Care shall be

taken to avoid an excess of water in the concrete, and to drain or

otherwise promptly remove any water that comes to the surface. Dry
cement, or a dry mixture of cement and sand, shall not be sprinkled

directly on the surface.

Wearing Surface Finish

One-Course Work
74. Aggregates for the wearing surface in one-course work shall

have a high resistance to abrasion, and shall be screened and when
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necessary thoroughly washed. The least quantity of mixing water

that will produce a dense concrete shall be used. The mix shall not

be leaner than one part of Portland cement and ZYz parts of aggregate.

The surface shall be screened even and finished with a wood float.

Excess water shall be promptly drained or otherwise removed. Over-
troweling shall be avoided.

Two-Course Work
75. The wearing surface in two-course work shall be placed

within one-half hour after the base course. Where the wearing surface

is required to be applied to a hardened base course, the latter shall

be prepared by roughening with a pick or other effective tool. The
roughened surface shall be thoroughly saturated with water and cov-

ered with a thin layer of neat cement paste immediately before the

wearing surface is placed. The wearing course shall not be thinner

than one inch.

Curing

76. Concrete wearing surfaces of roads and pavement made in

accordance with Sections 74 and 75, shall be kept wet for at least

21 days.

Decorative Finishes

Rubbed Finish

11. Immediately after the forms are removed and all voids filled,

the surface shall be thoroughly wetted and rubbed with a carborundum
brick, or other abrasive, to a smooth, even finish of uniform appear-

ance without applying any cement or other coating.

Scrubbed Finish

78. The forms shall be removed while the concrete is still green

and the surface scrubbed with stiff fiber or wire brushes, using water

freely, until the aggregate is uniformly exposed to the desired extent.

The whole surface shall then be thoroughly washed with clean water.

If portions of the surface have become too hard to scrub to equal

relief, or the film o'f cement is not removed from the surface of the

exposed aggregate, diluted hydrochloric acid (1 part acid to 4 parts

water) may be used to facilitate the scrubbing. All traces of the acid

shall be thoroughly removed with clean water.

Sand-Blast Finish

79. In preparing the surface for a sand-blast finish, the concrete

face shall be permitted to attain an intermediate degree of hardness;

it shall then be air-blasted with hard sand until the aggregate is in

uniform relief.

Tooled Finish

80. The surface shall first be permitted to become dry and hard,

and then dressed with tools, as called for, to a uniform texture and even

face.
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Sand Floated Finish

81. The form shall be removed before the surface has fully

hardened; the surface shall be rubbed with a wooden float by a uniform

circular motion, fine sand being rubbed into the surface until the

resulting finish is even and uniform.

Acid Treated Finish

82. After the forms are removed and all voids filled, the surface

shall be washed with commercial hydrochloric or nitric acid, diluted

with water to a strength such that the bonding of the cement is not

broken beyond the required depth. The solution shall be applied with

stiflF vegetable fiber brushes and the surface scrubbed until the aggre-

gate is exposed to the desired extent. All traces of the acid shall then

be quickly and completely washed of¥ with water to prevent further

action and the permanent discoloration of the surface.

Colored Pigment Finish

83. Mineral pigment when used shall be thoroughly mixed dry

with the cement and fine aggregate; care shall be taken to secure a

uniform tint throughout.

Design

General Assumptions

84. The design of reinforced concrete members under these

specifications shall be based on the following assumptions:

(a) Calculations are made with reference to working stresses and

safe loads rather than with reference to ultimate strength and ultimate

loads.

(b) A plane section before bending remains plane after bending,

shearing distortions being neglected.

(c) The modulus of elasticity of concrete in compression is con-

stant within the limits of working stresses and the distribution of com-

pressive stress in beams is rectilinear.

(d) The moduli of elasticity of concrete in computations for the

position of the neutral axis, for the resisting moment of beams, and for

compression of concrete in columns, are as follows:

(1) 1/15 that of steel, when the compressive strength

of the concrete at 28 days exceeds 1500 and

does not exceed 2200 lb. per sq. in.;

(2) 1/12 that of steel, when the compressive strength

of the concrete at 28 days exceeds 2200 and

does not exceed 2900 lb. per sq. in.;

(3) 1/10 that of steel, when the compressive strength

of the concrete at 28 days is greater than

2900 lb. per sq. in.

(e) In calculating the moment of resistance of reinforced concrete

beams and slabs the tensile resistance of the concrete is neglected.
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(f) The bond between the concrete and the metal reinforcement

remains unbroken throughout the range of working stresses. Under
compression the two materials are therefore stressed in proportion of

their moduli of elasticity.

(g) Initial stress in the reinforcement due to contraction or ex-

pansion of the concrete is neglected, except in the design of reinforced

concrete columns.

Flexure of Rectangular Reinforced Concrete Beams and Slabs

Flexure Formulas

85. Computations of flexure in rectangular reinforced concrete

beams and slabs shall be based on the following formulas:

(a) Reinforced for tension only.

Position of neutral axis,

K— V2/>n-|- ipiiY— pn

Arm of resisting couple,

k

3
Compressive unit stress * in extreme fiber of concrete,

2M 2pfs

f.
= =

jkbdr k

Tensile unit stress ^ in longitudinal reinforcement,

M M
fs= =

As]d pjbd-

Steel ratio for balanced reinforcement,

1

p=y2

/e\«/c /

(b) Reinforced ior both tension and compression.

Position of neutral axis,

k==\ 2n lpj^p'— \j^n'{p + p'y-~n{p+p')

jssion,

'""(*
-7)

Position of resultant compression,

1

— k'd + 2p
3

s=
k' + 2p

Arm of resisting couple, (0
jd= d— s

'"(^-7)
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Compressive unit stress in extreme fiber of concrete,

b(f["—f(-7)(-7)]
Tensile unit stress in longitudinal reinforcement,

M 1 — k

pjbd' k

Compressive unit stress in longitudinal reinforcement,

d'

k
d

k

Notation

86. The symlxjls used in the following formulas are defined as follows

:

.(4s= eflfective cross-sectional area of metal reinforcement in tension in

beams;
b= width of rectangular beam or width of flange of T-beam

;

d= depth from compression surface of beam or slab to center of

longitudinal tension reinforcement;

rf'= depth from compression surface of beam or slab to center of

compression reinforcement;
/c= compressive unit stress in extreme fiber of concrete;
/s= tensile unit stress in longitudinal reinforcement

;

f's= compressive unit stress in longitudinal reinforcement

;

/= moment of inertia of a section about the neutral axis for bending;

y= ratio of lever arm of resisting couple to depth d;
k= ratio of depth of neutral axis to depth d ;

/= span length of beam or slab (generally distance from center to

center of supports)
;

il/= bending moment or moment of resistance in general;

n= Es/Ec=zrz\.io of modulus of elasticity of steel tO' that of concrete;

/>= ratio of effective area of tension reinforcement to effective area
of concrete in beams ^^s/fcrf;

/>'= ratio of effective area of compression reinforcement to effective

area of concrete in beams

;

7e;= uniformly distributed load per unit of length of beam or slab;

:;= depth from compression surface of beam or slab of resultant of
compressive stresses.

Span Length

87. The span length, /, of freely supported beams and slabs,

shall be the distance between centers of the supports, but shall not exceed

the clear span plus the depth of beam or slab. The span length for

continuous or restrained beams built to act integrally with supports shall

be the clear distance between faces of supports. Where brackets having

a width not less than the width of the beam and making an angle of 45

=For /. = 16,000 to 18,000 lb. per sq. in. and /< = 800 to 900 lb. per sq. in., / may
be assumed as 0.86. For values of />)! varying from 0.04 to 0.24 ;/. is approximately

equal to 0.67 ^ pn.
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deg. or more with the horizontal axis of a restrained beam are built to

act integrally with the beam and support, the span shall be measured from

the section where the combined depth of the beam and bracket is at least

one-third more than the depth of the beam, but no' portion of such a

bracket shall be considered as adding to the efifective depth of the beam.

Maximum negative moments are to be considered as existing at the ends

of the span, as defined above.

Slightly Restrained Beams of Equal Span

88. Beams and slabs of equal spans built to act integrally with beams,

girders, or other slightly restraining supports and carrying uniformly dis-

tributed loads shall be designed for the following moments at critical

sections

:

(a) Beams and slabs of one span.

Maximum positive moment near center,

M—
8

(b) Beams and slabs continuous for two spans only,

(1) Maximum positive moment near center,

w?
M^

10

(2) Negative moment over interior support,

M—
8

(c) Beams and slabs continuous for more than two' spans,

(1) Maximum positive moment near center and negative

moment at support of interior spans,

wV
M=

12

(2) Maximum positive moment near centers of end spans and

negative moment at first interior support,

M=
10

(d) Negative moment at end supports for cases (a), (b), (c), of

this section,

wP
M == not less than

16

Beams Built Into Brick or Masonry Walls

89. Beams and slabs built intO' brick or masonry walls in a manner

which develops partial end restraint shall be designed for a negative moment

at the support of

wP
M= not less than

16
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Freely Supported Beams of Equal Span

90. Beams and slabs of equal spans freely supported and assumed to

carry uniformly distributed loads shall be designed for the moments speci-

fied, except that no reinforcement for negative moment need be provided

at end supports where effective measures are taken to prevent end restraint.

The span shall be taken as defined for freely supported beams.

Restrained Beams of Equal Span

91. Beams and slabs of equal span built to act integrally with columns,

walls, or other restraining supports and assumed to carry uniformly dis-

tributed loads, shall be designed for the following moments at critical

sections :

(a) Interior spans,

(1) Negative moment at interior supports except the first,

M=
12

(2) Maximum positive moment near centers of interior spans,

M=
16

(b) End spans of continuous beams and beams of one span in

which /// is less than twice the sum of the values of I/h for

the exterior columns above and below which are built into

the beams

:

(1) Maximum positive moment near center of span and nega-

tive moment at first interior supports,

M=
12

(2) Negative moment at exterior supports,

M—
12

(c) End spans of continuous beams, and beams of one span, in

which /// is equal to or greater than twice the sum of the

values of I/h for the exterior column above and below which

are built into the beams

:

( 1 ) Maximum positive moment near center of span and

negative moment at first interior support,

M=
10

(2) Negative moment at exterior support,

wV
M =

16
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Continuous Beams of Unequal Spans or with Non-Uniform Loading

92. Continuous beams with unequal spans, or with other than uni-

formly distributed loading, whether freely-supported or restrained shall be

designed for the actual moments under the conditions of loading and

restraint.

Provision shall be made where necessary for negative moment near

the center of short spans which are adjacent to long spans, and for the

negative moment at the end supports, if restrained.

Unsupported Flange Length

93. The distance between lateral supports of the compression area

of a beam shall not exceed 24 times the least width of compression flange.

Compressive Stress in Beams

94. The allowable stress in the compression area shall be computed

by multiplying the allowable compressive stress in flexure by a factor

L
obtained by the formula 1.2

S0&

Diagonal Tension and Shear

Notation

95. The symbols used in the following formulas are defined in Section

86, except as follows

:

/iv = total area of web reinforcement in tension within a distance s,

that is 6"i, 6";, S%, . . . Sn, or the total area of all bars bent up
in any one plane;

oc = angle between web bars and longitudinal bars

;

F= total tension in a bar

;

/'c= ultimate compressive strength of concrete at age of 28 days, based
on tests of 6 by 12 in. or 8 by 16-in. cylinders made and tested in

accordance widi the Standard Methods of Making and Storing
Specimens of Concrete in the Field and the Tentative Methods
of Making Compression Tests of Concrete;

/v := tensile unit Stress in web reinforcement

;

Q= ratio of the average to the maximum bond stress within the

distance y ;

2o= sum of perimeters of bars in one set;

r= ratio of cross-sectional area of negative reinforcement which
crosses entirely over the column capital of a flat slab or over
the dropped panel, to the total cross-sectional area of the nega-
tive reinforcement in the two column strips;

J c= spacing of web bars or stirrups measured at the plane of the

lower reinforcement and in the direction of the longitudinal axis

of the beam;
fi= thickness of flat slab without dropped panels or thickness of a

dropped panel

;

fs == thickness of flat slab with dropped panels at points away from
the dropped panel.

«;=bond stress per unit of area of surface of bar;
7/= shearing unit stress;

F'= total shear;
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JT =: length of bar added for anchorage, including the hook, if any;
3'= distance from the point at which tension is computed to the point

of beginning of anchorage.

Formula for Shear

96. The shearing unit-stress, z\ in reinforced concrete beams sliall

be taken as not less than tliat computed by the Formula

V

bjd

Variation of Shear in Beams with Uniform Load

97. For purpose of design of beams carrying uniform loads, not

less than one-fourth of the total shearing resistance required at either

end of span shall be provided at the section where the computed

shearing stress is zero; from that section to the ends of span the

required shearing resistance shall be assumed to vary uniformly.

Width of Beams in Shear Computations

98. The shearing unit stress shall be computed on the minimum
width of rectangular beams and on the minimum thickness of the web
in beams of I or T-section.

Types and Spacing of Web Reinforcement

99. Web reinforcement may consist of:

(a) Vertical stirrups or web reinforcing bars;

(b) Inclined stirrups or web reinforcing bars forming an

angle of 30 deg. or more with the longitudinal bars;

(c) Longitudinal bars bent up at an angle of 15 deg. or

more with the direction of the longitudinal bars.

Stirrups or bent-up bars to be considered as web reinforcement

must be anchored at both ends, as specified in Section 114. When
the shearing stress is not greater than 0.06 /'c, the distance 5 measured

in the direction of the axis of the beam between two successive stir-

rups, or between two successive points of bending up of bars, or from

the point of bending up of a bar to the edge of the support, shall not

be greater than

45d

S =
ex: +10

where the angle oc is in degrees.

When the shearing stress is greater than 0.06 /'c, the distance S
shall not be greater than two-thirds of the values given by formula 30.

Beams Without Special Anchorage of Longitudinal Reinforcement

100. The shearing unit stress computed by formula in section 96

in beams in which the longitudinal reinforcement is without special
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anchorage shall not exceed the values given by the following formulas

and in no case shall it exceed 0.06 /'c.

When oc is between 45 and 90 deg.,

z/= 0.02/'c+
bs sin oc

When oc is less than 45 deg.,

V= 0.02 /'c -| (.JIM oc + COS oc )

bs

Beams With Special Anchorage of Longitudinal Reinforcement

101. The shearing unit stress computed by the formula in section

96 in beams in which longitudinal reinforcement is anchored by means
of hooked ends or otherwise, as specified in Section 113, shall not

exceed the value given by formulas in section 100, when 0.03 /'c is

substituted for 0.02 /'c in those formulas; in no case shall the shearing

unit stress exceed 0.075.

Beams With Bars Bent up at a Single Point

102. Where the web reinforcement consists of bars bent up at

a single point, the point of bending shall be at a distance s from the

edge of the support, not greater than that given in Section 99 and the

fyAy
value of the quantity (sin oc + cos oc ) used in the design shall

bs
not exceed 75 lb. per sq. in.

Combined Web Reinforcement

103. Where two or more types of web reinforcement are used

in conjunction, the total shearing resistance of the beam shall be as-

sumed as the sum of the shearing resistances computed for the various

types separately. In such computations the shearing resistance of

the concrete (the term 0.02 /'c or 0.03 /'c in formulas in Section 100) shall

be included only once. In no case shall the maximum shearing stresses

be greater than the limiting values given in Sections 100 and 101.

Shearing Stress in Flat Blabs

104. The shearing unit stress in flat slabs shall not exceed the

value of V as given by the formula

v= 0.02f'o (1+r)
and shall not in any case exceed 0.03 f 'c.

The shearing unit stress shall be computed on:

(a) A vertical section which has a depth in inches of

H (ti— Ij^) and which lies at a distance in inches of h— 1^4

from the edge of the column capital; and

(b) A vertical section which has a depth in inches of

^ (ti— \y2) and which lies at a distance in inches of ti— lj4

from the edge of the dropped panel.
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In no case shall r be less than 0.25. Where the shearing stress

computed as in (a) is being considered, r shall be assumed as the

proportional amount of the negative reinforcement, within the column
strip, crossing the column capital. Where the shearing stress com-
puted as in (b) is being considered, r shall be assumed as the pro-

portional amount of the negative reinforcement, within the column
strip, crossing entirely over the dropped panel.

Shear and Diagonal Tension in Footings

105. The shearing stress shall be taken as not less than that com-
puted by the formula in section 96. The stress on the critical section,

shall not exceed 0.02 /'c for footings with straight reinforcement bars,

nor 0.03 /'c for footings in which the reinforcement bars are anchored

at both ends by adequate hooks or otherwise, as specified in Section

113.

Critical Section for Soil Footings

106. The critical section for diagonal tension in footings on soil

shall be computed on a vertical section through the perimeter of the

lower base of a frustum of a cone or pyramid which has a base angle

of 45 deg., and which has for its top the base of the column or pedestal

and for its lower base the plane at the centroid of longitudinal rein-

forcement.

Critical Section for Pile Footings

107. The critical section for diagonal tension in footings on piles

shall be computed on a vertical section at the inner edge of the first

row of piles entirely outside a section midway between the face of

the column or pedestal and the section described in section above for

soil footings, but in no case outside the section described. The critical

section for piles not arranged in rows shall be taken midway between
the face of the column and the perimeter of the base of the frustum

described.

Bond and Anchor.\ge

Bond Stresses by Beam Action

108. Where bar reinforcement is used to resist tensile stresses

developed by beam action, the bond stress shall be taken as not less

than that computed by the formula

V

For continuous or restrained members, the critical section for bond
for the positive reinforcement shall be assumed to be at the point of

inflection; that for the negative reinforcement shall be assumed to be

at the face of the support, and at the point of inflection. For simple

beams or freely supported end spans of continuous beams, the critical

section for bond shall be assumed to be at the face of the support.
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Bent-up longitudinal bars which, at the critical section, are within

d
a distance — from horizontal reinforcement under consideration, may

3
be included with the straight bars in computing 2o.

In footings only the bars specified in Section 119 as eflfective in

resisting bending moment shall be considered as resisting bond stresses.

Special investigation shall be made of bond stresses in footings with

stepped or sloping upper surface, as maximum bond stresses may occur

at the vertical plane of the steps or near the edges of the footings.

109. In beams where the ordinary anchorage described in Section

112 is provided, the bond stress computed by the formula in Section

108 at any section shall not exceed the following values:

For plain bars «= 0.04 /'c

For deformed bars u= 0.05 fe

Bond Stresses for Special Anchorage

110. In beams where special anchorage of the bars is provided

as specified in Section 113, bond stresses exceeding those specified in

Section 109 may be used, provided the total tensile stress at a point

of abrupt change in stress or at the point of maximum stress, does

not exceed the value of F given by the formula

F= Qu2,oy + ti'Zox

where F= total tension in the bars

;

So = the perimeter of the bar under consideration;

Q= ratio of the average to the maximum bond stress computed by
formula in Section 108 within the distance y.

u = permissible bond stress= 0.04/'c for plain and 0.05/'c for de^

formed bars

;

x=^ the length of bar added for anchorage, including the hook, if any;

3;= distance from the point at which the tension is computed to the

point of beginning of anchorage.

The length of bar added for anchorage may be either straight or bent.

The radius of bend shall not be less than four bar diameters.

Bond Stress for Reinforcement in Two or More Directions

111. The permissible bond stress for footings and similar members

in which reinforcement is placed in more than one direction shall not exceed

75 per cent of the values in Sections 109 and 110.

Ordinary Anchorage Requirements

112. In continuous, restrained or cantilever beams, anchorage of the

tensile negative reinforcement beyond the face of the support shall provide

for the full maximum tension with bond stresses not greater than those

specified in Section 109. Such anchorage shall provide a length of bar not

less than the depth of the beam. In the case of end supports which have

a width less than three-fourths of the depth of the beam, the bars shall be

bent down toward the support for a distance not less than the effective

depth of the beam. The portion of the bar so bent down shall be as near
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to the end of the beam as protective covering permits. In continuous or

restrained beams, negative reinforcement shall be carried to or beyond

the point of inflection. Not less than one-fourth of the area of the posi-

tive reinforcement shall extend into the support to provide an embedment

of ten or more bar diameters.

In simple beams or freely supported end spans of continuous beams at

least one-fourth of the area of the tensile reinforcement shall extend along

the tension side of the beam and beyond the face of the support to provide

an embedment of ten or more bar diameters.

Special Anchorage Requirements

113. Where increased shearing stresses are used as provided in

Sections 101 and 105 or increased bond stresses as provided in Section 110,

special anchorage of all reinforcement in addition to that required in Sec-

tion 112 shall be provided as follows:

(a) In continuous and restrained beams, anchorage beyond points of

inflection of one-third the area of the negative reinforcement and beyond

the face of the support of one-third the area of the positive reinforcement,

shall be provided to develop one-third of the maximum working stress in

tension, with bond stresses not greater than those specified in Section 109.

(b) At the edges of footings, anchorage for all the bars for one-third

the maximum working stress in tension shall be provided within a region

where the tension in the concrete, computed as an unreinforced beam, does

not exceed 40 lb. per sq. in.

(c) In simple beams or freely supported end spans of continuous

beams, at least one-half of the tensile reinforcement shall extend along the

tension side of the beam to provide an anchorage beyond the face of the

support for one-third of the maximum working stress in tension.

Anchorage of Web Reinforcement

114. Web bars shall be anchored at both ends by:

(a) Providing continuity with the longitudinal reinforcement; or
(b) Bending around the longitudinal bar or;
(c) A semi-circular hook which has a radius not less than four

times the diameter of the web bar.

Stirrup anchorage shall be so provided in the compression and tension

regions of a beam as to permit the development of safe working tensile

stress in the stirrup at a point 0.3d from either face.

The end anchorage of a web member not in bearing on the longitudinal

reinforcement shall be such as to engage an amount of concrete sufficient

to prevent the bar from pulling out. In all cases the stirrups shall be carried

as close to the upper and lower surfaces as fireproofing requirements permit.

Footings

General

115. The requirements for tension, compression, shear and bond in

Sections 84 and 114, inclusive, shall govern the design of footings, except

as hereinafter provided.



1082 Masonry

Soil Footings

116. The load per unit of area on soil footings shall be computed by

dividing the total load on the footing by the area of the base, giving proper

consideration to any eccentricity that may exist.

Footings on piles shall be treated in the same manner as footings on

soil, except that the load shall be considered as concentrated at the pile

centers.

Sloped or Stepped Footings

117. Footings in which the thickness has been determined by the

requirements for shear as specified in Sections 106 and 107 may be sloped

or stepped between the critical section and the edge of the footing, provided

that the shear on no section outside the critical section exceeds the value

specified, and provided further that the thickness of the footing above the

reinforcement at the edge shall not be less than 9 in. for footings on soil

nor less than 12 in. for footings on piles. Sloped or stepped footings shall

be cast as a unit.

Critical Section for Bending

118. The critical section for bending in a concrete footing which

supports a concrete column or pedestal, shall be considered to be at the

face of the column or pedestal. Where steel or cast-iron column bases are

used, the moment in the footing shall be computed at the middle and at the

edge of the base; the load shall be considered as uniformly distributed over

the column or pedestal base except where there is eccentric loading.

The bending moment at the critical section in a square footing support-

ing a concentric square column shall be computed from tlie load on the

trapezoid bounded by one face of the column, the corresponding outside

edge of the footing and the portions of the two diagonals. The load on the

two corner triangles of this trapezoid shall be considered as applied at a

distance from the face equal to six-tenths of the projection of the footing

from the face of the column. The load on the rectangular portion of the

trapezoid shall be considered as applied at its center of gravity. The bend-

ing moment is expressed by the formula

w
M= (a+1.2c)r

2

where M = bending moment at critical section of footing

;

a= width of face of column or pedestal;

c = projection of footing from face of column; and
w= upward reaction per unit of area- of base of footing.

For a round or octagonal column, the distance a shall be taken as equal

to the side of a square of an area equal to the area enclosed within the

perimeter of the column.

Reinforcement

119. The reinforcement in each direction in the footing shall be deter-

mined as for a reinforced concrete beam ; the effective depth shall be the
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distance from the top of the footing to the plane of the reinforcment. The
sectional area of reinforcement shall be distributed uniformly across the

footing unless the width is greater than the side of the column or pedestal

plus twice the effective depth of the footing, in which case the width over

which the reinforcement is spread may be increased to include one-half the

remaining width of the footing. In order that no considerable area of the

footing shall remain unreinforced, additional reinforcement shall be placed

outside of the width specified, but such reinforcement shall not be considered

as effective in resisting the calculated bending moment. For the extra

reinforcement a spacing double that within the effective belt may be used.

Concrete Stress

120. The extreme fiber stress in compression in the concrete shall be

kept within the limits specified in Section 128. The extreme fiber stress

in sloped or stepped footings shall be based on the exact shape of the

section for a width not greater than that assumed effective for reinforcement.

Irregular Footings

121. A rectangular or irregularly shaped footing shall be computed

by dividing it into rectangles or trapezoids tributary to the sides of the

column, using the distance to the center of gravity of the area as the

moment arm of the upward forces. Outstanding portions of combined foot-

ings shall be treated in the same manner. Other portions of combined

footings shall be designed as beams or slabs.

Transfer of Stress at Base of Column

122. The compressive stress in longitudinal reinforcement at the

base of a column shall be transferred to the pedestal or footing by either

dowels or distributing bases. When dowels are used, there shall be at least

one for each column bar, and the total sectional area of the dowels shall be

not less than the sectional area of the longitudinal reinforcement in the

column. The dowels shall extend into the column and into the pedestal or

footing not less than 50 diameters of the dowel bars for plain bars, or 40

diameters for deformed bars.

When metal distributing bases are used, they shall have sufficient area

and thickness to transmit safely the load from the longitudinal reinforce-

ment in compression and bending. The permissible compressive unit stress

on top of the pedestal or footing directly under the column base shall be

not greater than .35f'i-, the minimum distance from the edge of the column

base to the edge of the top of footing being 3 in., and the area of the top

of pedestal being at least twice the area of the column base.

Pedestals Without Reinforcement

123. The allowable compressive unit stress on the gross area of a con-

centrically loaded pedestal or on the minimum area of a pedestal footing

shall not exceed 0.25 f'r, unless reinforcement is provided and the member
designed as a reinforced concrete column.

The depth of a pedestal or pedestal footing shall be not greater than

three times its least width and the projection on any side from the face
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of the supported member shall be not greater than one-half the depith. The
depth of a pedestal whose sides are sloped or stepped shall not exceed three

times the least width or diameter of the section midway between the top

and bottom. A pedestal footing supported directly on piles shall have a mat

of reinforcing bars having a cross-sectional area oi not less than 0.20 sq.

in. per foot in each direction, placed 3 in. above the top of the piles.

Reinforced Concrete Retaining Walls

Loads and Unit Stresses

124. Reinforced concrete retaining walls shall be so designed that

the permissible unit stresses are not exceeded. The heels of cantilever,

counterforted and buttressed retaining walls shall be proportioned for

maximum resultant vertical loads, but when the foundation reaction is neg-

lected the permissible unit stresses shall not be more than 50 per cent

greater than the normal permissible stresses.

Details of Design

125. The following principles shall be followed in the design of rein-

forced concrete retaining walls

:

(a) The unsupported toe and heel of the base slabs shall be con-

sidered as cantilever beams fixed at the edge of the support.

(b) The vertical section of a cantilever wall shall be considered as a

cantilever beam fixed at the top of the base.

(c) The vertical sections of counterforted and buttressed walls and

parts ^of base slabs supported by the counterforts or buttresses shall be

designed in accordance with the requirements for a continuous slab in

Section 91.

(d) The exposed faces of walls without buttresses shall preferably

be given a batter of not less than J4 in. per ft.

(e) Coimterforts shall be designed in accordance with the requirements

for T-beams. Stirrups shall be provided in the counterforts tO' take the

reaction when the tension reinforcement of the face walls and heels of

bases is designed to^ span between the counterforts. Stirrups shall be

ancliored as near the exposed face of the longitudinal wall and as close to

the lower face of tht base as the requirements for protective covering

permit.

(f) Buttresses shall be designed in accordance with the requirements

specified for rectangular beams.

(g) The shearing stress at the junction of the base with counterforts

or buttresses shall not exceed the values specified in Sections 95 to 106.

(h) Horizontal metal reinforcement shall be of such form and so

distributed as to develop the required bond. To prevent temperature and

shrinkage cracks in exposed surface not less than 0.25 sq. in. of horizontal

metal reinforcement per foot of height shall be provided.

(i) Grooved lock joints shall be placed not over 60 ft. apart to care

for temperature changes.
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(j) Counterforts and buttresses shall be located under all points of

concentrated loading, and at intermediate points, as may be required by

the design.

(k) The walls shall be cast as a unit between expansion joints, unless

construction joints formed in accordance w'ith the provisions of these

specifications are provided.

(1) Drains or "weep holes" not less than 4 in. in diameter and not more

than 10 ft. apart, shall be provided. At least one drain shall be provided

for each pocket formed by counterforts.

Summary ov Workixg Stresses

General

126. The following working stresses shall be used

:

where /'c= ultimate compressive strength of concrete at age of 28 days,

based on tests of 6 by 12-in. or 8 by 16-in. cylinders made and
tested in accordance with the Standard Methods of Alaking
and Storing Specimens of Concrete in the Field and the Tenla-
tative Method of Making Compression Tests of Concrete.

Direct Stress in Concrete

Direct Compression

127. Piers and pedestals (see Section 123) 0.25/'c

Compression in Extreme Fiber

128. Extreme fiber stress in flexure 0.35/'c

Extreme fiber stress in flexure adjacent to supports of con-

tinuous beams 0.40/'c

Tension

129. In reinforced concrete members None
In plain concrete 0.02S/'c

Shearing Stress in Concrete

Longitudinal Bars Without Special Anchorage

130. Beams without web reinforcement 0.02/'c

Beams with stirrups or bcnt-up bars or combination of

the two 0.06/'c

Longitudinal Bars Having Special Anchorage

131. Beams without web reinforcement 0.03/'c

Beams with stirrups or bent-up bars or a combination of

the two 075f c

Flat Slabs

132. Shear at distance d from capital or dropped panel 0.03/'c

Other limiting cases in flat slabs (see Section 104).

Footings

133. (a) Longitudinal bars without special anchorage 0.02/'c

(b) Longitudinal bars having special anchorage 0.03/'c
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Stresses in Reinforcement

Tension in Steel

134. Billet-steel bars:

(1) Structural steel grade 16,000 lb. per sq. in.

(2) Intermediate grade 18,000 lb. per sq. in.

(3) Hard grade 18,000 lb. per sq. in.

Structural steel 16,000 lb. per sq. in.

Cold drawn steel wire 18,000 lb. per sq. in.

Compression in Steel

135. (a) Bars Same as Section 134 (a) and (b)

(b) Structural steel core of composite column . 16,000 lb. per sq. in.

Reduced for slenderness ratio'

(c) Structural steel column 16,000' lb. per sq. in.

Compression in Cast-Iron

136. Composite cast-iron column 10,000 lb. per sq. in.

Bond Between Concrete and Reinforcement

137. (a) Beams and slabs, plain bars 0.04/'c

(b) Beams and slabs, deformed bars 0.05/'c

(c) Footings, plain bars, one-way 0.04/'c

(d) Footings, deformed bars, one way 0.05/'c

(e) Footings, bars two ways . . . (c) or (d) reduced

by 25 per cent.
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Appendix B

DEVELOPMENT IN THE ART OF MAKING CONCRETE

C. P. Richardson, Chairman, Sub-Committee; A. C. Irwin, G. E. Boyd,

J. L. Harrington, R. A. Van Ness, F. E. Schall.

The strength of concrete and the relative economy of its manufac-

ture will be unknown quantities until the laws governing its propor-

tioning and manufacture are generally understood and applied.

Developments in the art of making concrete have provided gages

which may be used to measure, in advance, the efifect of changes in

procedure to meet unavoidable changes in field conditions.

The effect of too much water in concrete has been recognized for

many years, but there was no ready means at hand to measure the

extent of its influence. Thus, when the conditions of field work ap-

peared to call for large quantities of water, the intuitive knowledge of

the bad effect of excess water did not have sufficient background to

bring about a proper restriction of its use. Modern developments,

however, not only outline the bad effects of an excess quantity of

water in concrete, but also indicate the reduction in strength caused

thereby.

The basic and fundamental relation between the strength of con-

crete and the ratio of water to the cement has been proven by a

number of independent investigators after many thousands of tests

under laboratory conditions, and corroborated by practical field tests

on every-day construction projects. A definite relation between the

strength and the ratio of water to cement is found to persist regardless

of the proportions of the aggregates or the ratio of the quantity of

cement to total quantity of aggregate for all mixes that are workable

and plastic. This relation may be stated as follows:

Within the limits of workable, plastic mixes, the strength

of concrete bears a definite relation to the ratio of the total

volume of water in the mix to the volume of cement used.

The explanation for this relation between strength of concrete and

the ratio of water to cement is logical and obvious. The strength of

concrete depends entirely upon the bonding quality of the cement in

the mix. When water is added to cement, a paste is formed and the

strength of concrete depends upon the strength attained by this cement

paste. Increasing the quantity of water beyond that necessary to

produce a workable mix serves to dilute the cement paste and produces

a dispersion of the cement particles so that adhesion between the

cement particles themselves and between cement and aggregate is great-

ly weakened. An excess of mixing water results in concrete of low

strength and inferior resistance to weather and other destructive

agencies. Such qualities as water-tightness and resistance to wear are

also to a large degree directly related to the strength of the concrete.
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Since the strength depends on the ratio of the water to cement, it

follows that arbitrary proportions of cement and aggregate without

reference to the amount of water have little meaning insofar as the

strength of concrete is concerned. It is also obvious that by keeping

the ratio of water to cement constant, the same strength may be ol)-

tained with various quantities of aggregate.

It follows, therefore, that the design of a concrete mix by the

water-cement ratio method consists of two general steps:

First. Fixing the water-cement ratio that will produce the re-

quired strength (free water held by the aggregate must

be included as mixing water in fixing this ratio).

Second. Determination by trial or calculation, or both, the pro-

portions of cement, fine and coarse aggregates which can

be most economically used to produce concrete of the

required workability.

Bulking of Sand

It has been only within the last few years that the importance of

the bulking of sand due to moisture content has been sufificiently

recognized and proper correction made for it.

Fig. 1, 2 and 3 show in somewhat exaggerated form the bulking

effect of contained moisture in sand.

Illustrations

From these illustrations, it will be noted that the volume of a

given quantity of sand is increased all out of proportion to the quantity

of moisture it contains. Take the coarse sand, graded from to 4

(Fig. 1) for example. Here, as in the other two cases, all jars con-

tain the same weight of sand, zvhen dry. It will be noted that with one

per cent of moisture (Column No. 3) the volume of the sand is greatly

increased over its volume in a dry, rodded condition (Column No. 1).

With a moisture content of five per cent (Column No. 5) the increase

in volume or bulking reaches a maximum. Beyond this point, an

increase in moisture content is accompanied by a decrease in volume,

until at saturation (Column No. 9) the volume is practically the same

as when dry rodded. The illustrations just referred to (Figs. 1, 2 and

3), show the heights of sand in test jars having a height several times

the diameter. The tendency for the damp sand to stick to the dry

sides of such jars, however, increases the height of the sand, columns

and consequently the "bulking" as indicated on Figs. 1, 2 and 3 is

slightly greater than would be encountered in the field.

It will be evident from these illustrations that an arbitrary vol-

umetric proportion such as 1:2:4, which has been in general use,

would introduce quantities of sand into the mix, varying within wide

limits, depending on the quantity of moisture present. For example,
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if sand containing five per cent of moisture, not uncommon, is meas-

ured damp and loose, as in general practice, 2 cubic feet will contain

approximately 2x81.0 lb. or 162.0 lb. of sand, as compared to 2 x 115

or 230 lb. of sand, if measured in a dry rodded condition. In such

cases the mix would no longer be 1:2:4 but 1:1.4:4, neglecting a small

shrinkage in the coarse aggregate.

The maximum size and grading of the aggregate are closely related

to workability and numerous investigations and tests have been made

to develop a practical method of proportioning fine and coarse aggre-

gate on the basis of its size and grading. A grading factor, known

as the fineness modulus, has been proposed by the Structural Materials

Research Laboratory as of great value in determining the economic

mix for any specified aggregate.

The fineness modulus (grading factor) of an aggregate is de-

termined by passing a sample of the aggregate through a set of stand-

ard sieves and adding together the per cent by weight held on each of

the sieves. An arbitrary division between fine and coarse aggregate is

taken as the No. 4 sieve. (Openings approximately ^ inch.) The

fineness modulus of concrete sands ranges from about 1.5 to 3.75 and

that of coarse aggregate from about 4.00 to 7.75. Knowing the fineness

modulus of the fine and coarse aggregates, the fineness modulus of any

known combination of these is easily computed. Tests have indicated

the maximum fineness modulus of combined aggregate that can be

used with a practical certainty that the concrete will be workable.

This maximum will vary with the maximum size of the coarse aggre-

gate. The maximum fineness modulus of the combined aggregate that

will give a concrete just within the limits of workability, or just under

the region of harshness, forms a very convenient and correct basis

for computing the proportions of fine and coarse aggregate. In other

words, the use of the fineness modulus grading factor gives the opera-

tor first hand information as to the proportions of fine and coarse

aggregate he can use that will enable him to get the maximum amount

of concrete out of a bag of cement and a fixed quantity of water.

Actual trial in the field may show the advisability of changing these

proportions, but the proportions, worked out in advance, form a

working basis from which the operator can add or subtract fine or

coarse aggregate or both in order to obtain the workability desired

for the particular work in hand.

Inundation Method of Measuring of Fine Aggregate

The inundation method corrects the bulking of fine aggregate by

reducing it to a constant condition of measurement. In other words,

if the sand is measured in an inundated condition, the error due to

bulking is eliminated (Fig. 3).

In general, the inundation method of measuring fine aggregate

simply consists in pouring or sifting the sand into a container of a
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known volume which has in it more than enough water to submerge

the sand.

Commercial inundators are so arranged that the volume of the

inundator can be changed at will. The setting of the inundator is

made to produce the amount of sand previously determined upon by

test and calculation to give the quantity of concrete per batch desired.

Since, as a general thing, the amount of water necessary to inundate

the sand will not be sufficient to produce the workability of the con-

crete desired, it will be necessary to add more water and this is done

by providing with the inundator equipment, a water-measuring device

that can also be set at will.

In operating inundator equipment, therefore, to produce a certain

strength of concrete as determined by the ratio of water to cement, it

is necessary to determine the amount of water required to inundate

the amount of sand used per batch of concrete.

Where it is desired to control the ratio of water to cement accu-

rately, the contained moisture in the coarse aggregate and the amount
of water that it will absorb must also be determined and correction

made therefor.

Application of the water-cement ratio as a basis for proportioning

has passed beyond the stage of experimentation and is now common
practice on many railroads. It does not require new mixing methods
or new mixing equipment, and all of the knowledge gained by past

experience may be utilized in applying it. It furnishes the operator

with a simple but basic law by which to judge every application of

his practical knowledge.

The mix on concrete work that is specified on the water-cement

ratio basis can quickly be ascertained with the aggregates available.

If the engineer deems it essential that proportions and slump be

specified, he can do so when he knows that characteristics and grad-

ing of the aggregate that will be used. No additional expense is in-

volved. There is no complicated program to be followed. More oppor-

tunity is afforded to. produce high grade work and close inspection of

all work is made easier.

Your Committee has made a study of the developments in the

art of making concrete and has for the past few years reported the

progress made in laboratory tests and field practice. At this time, your

Committee believes that, with a large proportion of the member rail-

roads now successfully utilizing the scientific principles heretofore

reported, this Association should revise its specifications for the pro-

portioning of concrete mixtures in accordance therewith.
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Exhibit A

ABRAMS-HARDER FIELD TEST FOR ORGANIC IMPURITIES
IN SANDS

Authorizred Reprint from the Copyrighted Proceedings of the American

Society for Testing Materials

Appendix to Report of Committee C-9 on Concrete and Concrete

Aggregates

The important characteristics of sand for use in concrete are
durability, cleanness and grading. In the following discussion we are
concerned only with the question of cleanness. Experience in concrete
construction and numerous tests have shown that the appearance of

a sand is not a safe criterion for determining its suitability for use
in concrete. For example, a sand which appears dirty may be entirely

free from organic impurities and give excellent results, provided the
characteristics of durability and grading are satisfactory. On the
other hand, many sands which appear to be clean are coated with
organic impurities of a nature that will produce a very inferior concrete.

Numerous tests have been used for determining whether or not
a sand possesses the requisite cleanness for use in concrete. The
most common tests which have been used for this purpose are the
determination of silt, and the loss in weight resulting from heating the
sand to a red color (ignition test). The silt test gives a measure of

the amount of fine material—generally clay or loam—which is con-
tained in the sand, but furnishes no information as to the probable effect

of such materials on the strength and durability of concrete or mortar
made from the sand. Experimental work carried out in the Structural
Materials Research Laboratory, Lewis Institute, Chicago, by Prof. Duff
A. Abrams, in charge, and Dr. Oscar E. Harder, Chemist, has shown
that it is the presence of organic impurities of a humus nature that is

responsible for the effects observed from using sand of this kind. This
humus material usually comes from the over-burden of soil found in

most sand pits; it may find its way into the sand in other ways. It has
been pointed out by many writers that the detrimental effect of silt

in concrete is not proportional to the quantity of silt in the sand. The
explanation for thi§ result lies in the fact that it is only the impurities
of an organic nature that have a decidedly injurious effect in retarding
or preventing the setting and hardening of the cement; consequently,
a considerable proportion of clay may be present without producing any
effect other than a reduction in the strength which may be expected
from the change in the grading of the aggregate.

Researches carried out in the Structural Research Laboratory
with the co-operation of Committee C-9 have shown that a simple
colorimetric test may be used for detecting the presence of organic
impurities of a humus nature in sands. (It is seldom that organic
impurities other than of a humus nature are found in natural sand.)

Two methods of testing for organic impurities have been developed:

1. An approximate test for field use.
2. A more exact method for use in the laboratory.

The laboratory method differs from the field method principally in

that comparison is made with a definite color standard. Only the
field test will be presented here.
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Method for Field Test

The field test consists of shaking the sand thorouglily in a dilute

solution of sodium hydroxite (NaOH) and observing the resultant

color after the mixture has been allowed to stand for a few hours.

Fill a 12-oz. graduated prescription bottle to the 4j4-oz. mark with
the sand to be tested. Add a 3 per cent solution of sodium hydroxide
until the volume of the sand and solution, after shaking, amounts to 7

oz. Shake thoroughly and let stand for 24 hours. Observe the color of

the clear liquid above the sand. A good idea of the quality of the sand
can be formed earlier than 24 hours, although this period is believed
to give best results.

If the solution resulting from this treatment is colorless, or has
a light yellowish color * the sand may be considered satisfactory in so
far as organic impurities are concerned. On the other hand, if a dark
colored solution of a color deeper than that indicated by Fig. 2 is

produced, the sand should not be used in high-grade concrete such as
that required in roads and pavements, or in building construction.
Sands showing color as dark as that in Fig. 3 may be used in unim-
portant concrete work. Sands showing colors darker than that in Fig.
3 should never be used for concrete. Fig. 5 represents the color of the
solution obtained with an unusually dirty sand or from a sample of soil

high in loam. A small quantity of material of this kind would make a
sand unsuitable for use in concrete.

Color Values.—While it is not practicable to give exact values for
the reduction in strength corresponding to the different colors of solu-
tion, the tests made thus far show this relation to be about as follows:

Reduction in Com-
pressive Strength of
1:3 Mortar at 7 and

Color 28 days,
Number Per Cent
Fig. 1 None
Fig. 2 10— 20
Fig. 3 IS— 30
Fig. 4 25— 50
Fig. 5 50—100

Washing dirty sands has the effect of greatly reducing the quantity of
organic impurities. However, even after washing, sands should be examined
in order to determine whether the organic impurities have been reduced
to harmless proportions.

Apparatus.—The following list includes sufficient apparatus for
making five field tests at a time:

5 12-oz. graduated prescription bottles;
Stock of 3 per cent solution of sodium hydroxide (dissolve

1 oz. of sodium hydroxide in enough water to make
32 oz.).

This material can be purchased at most drug stores at a cost of
about $1.00.

Conclusions

Experience and tests have shown that it is the presence of organic
impurities of a humus nature that is responsible for most defective
sands. The colorimetric test furnishes a simple and inexpensive
method of detecting the presence of such impurities. The test made
in the manner described above will be found useful for:

1. Prospecting for sand supplies;
2. Checking the cleanness of sand received on the job;
3. Preliminary examination of sands in the laboratory

•Plate V, Figs. 1 to S, will be printed in the Manual.
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This test is being used by a large number of testing laboratories,

engineers and contractors in passing on the suitability of sands for use

in concrete. In certain instances the test has been made the basis of

specification requirement for sand.

Appendix C

STANDARD SPECIFICATIONS AND TESTS FOR PORTLAND
CEMENT

Definition

1. Portland cement is the product obtained by finely pulverizing clinker

produced by calcining to incipient fusion an intimate and properly propor-

tioned mixture of argillaceous and calcareous materials, with no additions

subsequent to calcination excepting water and calcined or uncalcined gypsum.

(I) CHEMICAL PROPERTIES
Chemical Limits

2. The following limits shall not be exceeded:

Loss on ignition, per cent 4.00

Insoluble residue, per cent 0.85

Sulfuric anhydride (SOa), per cent 2.00

Magnesia (MgO), per cent 5.00

(II) PHYSICAL PROPERTIES
Fineness

3. The residue on a standard No. 200 sieve shall not exceed 22 per

cent by weight.

4. A pat of neat cement shall remain firm and hard, and show no

signs of distortion, cracking, checking, or disintegration in the steam test

for soundness.

Time of Setting

5. The cement shall not develop initial set in less than 45 minutes

when the Vicat needle is used or 60 minutes when the Gillmore needle is

used. Final set sball be attained within 10 hours.

Tensile Strength

6. The average tensile strength in pounds per square inch of not less

than three standard mortar briquets (see Section 47), composed of one part

of cement and three parts of standard sand, by weight, shall be equal tO' or

higher than the following

:

Age at Test, Tensile Strength,

Days Storage of Briquets Lb. Per. Sq. In.

7 1 day in moist air, 6 days in water 225

28 1 day in moist air, 27 days in water 325

7. The average tensile strength of standard mortar at 28 days

shall be higher than the strength at 7 days.
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(III) PACKING, MARKING AND STORAGE
Packages and Marking

8. The cement shall Ijc delivered in packages as specified with the

brand and name of the manufacturer plainly marked thereon, unless

shipped in bulk. When shipped in bulk, this information shall be con-

tained in the shipping advices accompanying the shipment. A bag

shall contain 94 lb. net. A barrel shall contain 376 lb. net. All

packages shall be in good condition at the time of inspection.

Storage

9. The cement shall be stored in such a manner as to permit

easy access for proper inspection and identification of each shipment,

and in a suitable weather-tight building which will protect the cement

from dampness.

(IV) INSPECTION
Inspection

10. Every facility shall be provided the purchaser for careful

sumpling and inspection at either the mill or at the site of the work,

as may be specified by the purchaser. At least 12 days from the time

of sampling shall be allowed for the completion of the 7-day test, and

at least 33 days shall be allowed for the completion of the 28-day test.

The cement shall be tested in accordance with the methods herein-

after prescribed. The 28-day test need not be made if waived by the

purchaser.

(V) REJECTION
Rejection

11. The cement may be rejected if it fails to meet any of the

requirements of these specifications.

12. Cement remaining in storage prior to shipment for a period

greater than 6 months after test shall be retested and shall be rejected

if it fails to meet any of the requirements of these specifications.

13. Cement shall not be rejected on account of failure to meet
the fineness requirement if upon retest after drying at 100° C. for one

hour it meets this requirement.

14. Cement failing lo meet the test for soundness in steam may
be accepted if it passes a retest using a new sample at any time within

28 days thereafter. The provisional accei)tance of the cement at the

mill shall not deprive the purchaser of the right of rejection on a retest

of soundness and time of setting at the time of delivery of cement to

the purchaser.

15. Packages varying more than 5 per cent from the specified

weight may be rejected; and if the average weight of packages in any

shipment, as shown by weighing 50 packages taken at random, is less

than that specified, the entire shipment may be rejected.
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Tests

(VI) SAMPLING
Number of Samples

16. Tests may be made on individual or composite samples as

may be ordered. Each test sample should weigh at least 4 lb.

17. (a) Individual Sample.—If sampled in cars, one test sample
shall be taken from each SO bbl. or fraction thereof. If sampled in

bins one sample shall represent each 200 bbl. unless otherwise specified

by the purchaser.

(b) Composite Sample.—If sampled in cars, one sample shall be

taken from one sack in each 40 sacks (or 1 bbl. in each 10 bbl.) and

combined to form one test sample. If sampled in bins or warehouses one

test sample shall represent not more than 200 bbl. unless otherwise specified

by the purchaser.

Method of Sampling

18. Cement may be sampled at the mill by any of the following

methods that may be practicable, as specified.

(a) From the Conveyor Delivering to the Bin.—At least 4 lb. of

cement shall be taken from approximately each 100 bbl. passing over

the conveyor. This may be secured by taking the entire test sample

at a single operation, known as the "Grab Method," or by combining

several portions taken at regular intervals, known as the "Composite

Method."

(b) From Filled Bins by Means of Proper Sampling Tubes.—Tubes

inserted vertically may be used for sampling cement to a maximum
depth of 10 ft. Tubes inserted horizontally may be used where the

construction of the bin permits. Samples shall be taken from points

well distributed over the face of the bin.

(c) From Filled Bins at Points of Discharge.—Sufficient cement

shall be drawn from the discharge openings to obtain samples repre-

sentative of the cement contained in the bin, as determined by the

appearance at the discharge openings of indicators placed on the sur-

face of the cement directly above these openings before drawing of

the cement is started.

19. The sampling shall be done by or under the direction of a

responsible representative of the purchaser.

Treatment of Sample

20. Samples preferably shall be shipped and stored in moisture-

proof, air-tight containers. Samples shall be passed through a sieve

having 20 meshes per linear inch in order to thoroughly mix the

sample, break up lumps and remove foreign materials.
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(VII) CHEMICAL ANALYSIS

Loss ON Ignition

Method

21. One gram of cement shall be heated in a weighed covered

platinum crucible, of 20 to 25-cc. capacity, as follows, using either

Method (a) or (b) as specified:

Method (a) : The crucible shall be placed in a hole in an asbestos

board, clamped horizontally so that about three-fifths of the crucible

projects below, and blasted at a full red heat for 15 minutes with an

inclined flame; the loss in weight shall be checked by a second blasting

for 5 minutes. Care shall be taken to wipe off particles of asbestos

that may adhere to the crucible when withdrawn from the hole in the

board. Greater neatness and shortening of the time of heating are

secured by making a hole to fit the crucible in a circular disk of sheet

platinum and placing this disk over a somewhat larger hole in an

asbestos board.

Method (b) : The crucible shall be placed in a mufHe at any tem-

perature between 900 and 1000" C. for 15 minutes and the loss in weight

shall be checked by a second heating for 5 minutes.

Permissible Variation

22. A permissible variation of 0.25 will be allowed, and all results

in excess of the specified limit but within this permissible variation

shall be reported as 4 per cent.

Insoluble Residue

Method

23. To a 1-g. sample of cement shall be added 25 cc. of water

and 5 cc. of concentrated hydrochloric acid (sp. gr. 1.19). Material

shall be ground with the flattened end of a glass rod until it is evident

that the decomposition of the cement is complete. The solution shall

then be diluted to 50 cc. and digested on a steam bath for 15 minutes.

The residue shall be filtered, washed with cold water and the filter

paper and contents digested in about 30 cc. of a 5-per-cent solution

of sodium carbonate, the liquid being held at a temperature just short

of boiling for 15 minutes. The remaining residue shall be filtered,

washed with hot water, then with a few drops of hot hydrochloric acid

(1:9) and finally with hot water, then ignited at a red heat and weighed

as the insoluble residue.

Permissible Variation

24. A permissible variation of 0.15 will be allowed, and all results

in excess of the specified limit but within this permissible variation

shall be reported as 0.85 per cent.

Sulfuric Anhydride

Method
25. To a 1-g. sample of cement shall be added 25 cc. of water and

S cc. of concentrated hydrochloric acid (sp. gr. 1.19). Material shall be
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ground with the flattened end of a glass rod until it is evident that

decomposition of the cement is complete. The solution shall be diluted

to 50 cc. and digested on a steam bath for 15 minutes, filtered, and the

residue washed thoroughly with hot water. The solution shall be

diluted to 250 cc, heated to boiling, and 10 cc. of a hot 10-per-cent

solution of barium chloride shall be added slowly drop by drop, from

a pipette and the boiling continued until the precipitate is well formed.

The solution shall then be digested on the steam bath at least three

hours, preferably over night. The precipitate shall be filtered, washed

and the paper and contents placed in a weighed platinum crucible and

the paper slowly charred and consumed without flaming. The barium

sulfate shall then be ignited and weighed. The weight obtained multi-

plied by 34.3 gives the percentage of sulfuric anhydride. The acid

filtrate obtained in the determination of the insoluble residue may be

used for the estimation of sulfuric anhydride instead of using a sepa-

rate sample.

Permissible Variation

26. A permissible variation of 0.10 will be allowed, and all results

in excess of the specified limit but within this permissible variation

shall be reported as 2.00 per cent.

Magnesia

Method

27. To 0.5 g. of the cement in an evaporating dish shall be added

10 cc. of water to prevent lumping and then 10 cc. of concentrated

hydrochloric acid (sp. gr. 1.19). The material shall be ground with

the flattened end of a glass rod until attack is complete. The solution

shall then be evaporated to complete dryness on a steam or water

bath. To hasten dehydration, the residue may be heated to 150° C. or

even 200° C. for one-half to one hour. The residue shall be treated

with 10 cc. of hydrochloric acid diluted with an equal amount of

water. The dish shall be covered, and the solution digested for 10

minutes on a steam bath or water bath. The solution shall be diluted

to 75 cc, filtered into a beaker, and the separated silica washed thor-

oughly with hot water (Note 1). Five cubic centimeters of concen-

trated hydrochloric acid and two drops of methyl red indicator (0.2-

per-cent alcoholic solution) shall be added to the filtrate (about 250

cc.) (Note 2).

Notes

1. Since this procedure does not involve the determination of silica,

a second evaporation is unnecessary.
2. Manganese, if present, is distributed between the precipitates of

iron and alumina, calcium and magnesium. In the amounts usually

present in Portland cement, it may be neglected. If it is desired to

determine the small amount of manganese that may be present in the

magnesium pyrophosphate, this may be done colorimetrically as de-
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scribed in tlie U. S. Geological Survey Bulletin No. 700, p. 153. If pres-

ent in larger amounts, manganese should be precipitated with the iron

and alumina, preferably by the persulfate method (U. S. Geological
Survey Bulletin No. 700, p. 112). If this method is used more aluminum
passes into solution than in the method above described.

Dilute ammonium hydroxide shall be added dropwise until the

color of the solution changes to a distinct yellow. The solution shall

be boiled for one or two minutes and filtered at once. The beaker and

precipitate shall be washed slightly with a hot 2-per-cent solution of

ammonium chloride (or ammonium nitrate). Setting aside the filtrate,

the precipitate shall be transferred by a jet of hot water to the pre-

cipitating vessel and dissolved in 10 cc. of hot hydrochloric acid. The
paper shall then be extracted with acid, the solution and washings

being added to the solution of the precipitate. Tlie aluminum and

iron shall then be reprecipitated at boiling heat by ammonium hydrox-

ide as before in a volume of about 100 cc. and the second precipitate

shall be collected and washed with a hot 2-per-cent solution of am-

monium chloride (or ammonium nitrate) on the filter used in the first

instance, if tliis is still intact. To the combined filtrates from the

hydroxides of iron and aluminum, reduced in volume if need be, 1 cc.

of ammonium hydroxide shall be added, the solution brought to boiling,

25 cc. of a saturated solution of boiling ammonium oxalate added,

and the boiling continued until the precipitated calcium oxalate has

assumed a well defined granular form. The precipitate after 1 hour

shall be filtered and washed, and the filtrate set aside. The filter

shall be placed wet in a platinum crucible, and the paper burned off

over a small flame of a Bunscn burner; after ignition, it shall be

cautiously moistened with water, redissolved in hydrochloric acid and

tlie solution diluted to 100 cc. ; ammonia shall be added in slight

excess, the liquid I)oiled, and filtered if a precipitate appears. The
lime shall then be reprecipitated by ammonium oxalate, allowed to

stand till settled, filtered and washed. The combined filtrates from

the calcium precipitates shall be acidified with hydrochloric acid, con-

centrated on the steam bath to about 150 cc. and made slightly alkaline

with ammonium hydro.xide, boiled and filtered (to remove a little iron

and aluminum, and perhaps calcium). When cool, the solution sliall

1)0 acidified with hydrochloric acid, 10 cc. of saturated solution of

sodium-ammonium-hydrogen phosphate added, and ammonia drop by

drop, with constant stirring. When the crystallin ammonium-mag-
nesium orthophosphate has formed, 5 cc. excess ammonia shall be

added. The solution shall be set aside for not less than 4 hours,

preferably over night, in a cool place, filtered and washed with water

containing 2.5 per cent NHj. The precipitate shall be dissolved in a

small quantity of hot hydrochloric acid, the solution diluted to about

100 cc, 1 cc. of a saturated solution of sodium-ammoniuni-hydrogen

phosphate added, and ammonia dro]) by drop, with constant stirring,

until the precipitate is again formed as described and the ammonia
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is in moderate excess. The precipitate shall then be allowed to stand

about 2 hours, filtered and washed as before. The paper and contents

shall be placed in a weighed platinum crucible, the paper slowly

charred, and the resulting carbon carefully burned off. The precipitate

shall then be ignited to constant weight over a Meker burner, or a

blast not strong enough to soften or melt the pyrophosphate. The

weight of magnesium pyrophosphate obtained multiplied by 72.5 gives

the percentage of magnesia. The precipitate so obtained always con-

tains some calcium and usually small quantities of iron, aluminum,

and manganese as phosphates.

Permissible Variation

28. A permissible variation of 0.4 will be allowed, and all results

in excess of the specified limit but within this permissible variation

shall be reported as 5.00 per cent.

(VIII) DETERMINATION OF FINENESS

Apparatus

29. Wire cloth for standard sieves for cement shall be woven (not

twilled) from brass, bronze, or other suitable wire, and mounted with-

out distortion on frames about 2 in. below the top of the frame. The

joint between the cloth and frame shall be smoothly filled with solder

to prevent lodging of the cement. The sieve frames shall be circular,

approximately 8 in. in diameter, and may be provided with a pan and

cover.

30. A standard No. 200 sieve is one having nominally a 0.0029-in.

opening, certified by the U. S. Bureau of Standards, and conforming

to the specifications for this sieve in the Standard Specifications for

Sieves for Testing Purposes (Serial Designation: E 11) of the Amer-

ican Society for Testing Materials.* The correction to .the sieving

value of the sieve shall be determined by sieving tests made in con-

formity with the standard specifications for these tests on a standard-

ized cement which gives a residue of about 20 per cent on the No.

200 sieve.

Method

31. The test shall be made with 50 g. of cement. The sieve shall

be thoroughly clean and dry. The cement shall be placed on the No.

200 sieve, with pan and cover attached, if desired, and shall be held

in one hand in a slightly inclined position so that the sample will be

well distributed over the sieve, at the same time gently striking the

side about 150 times per minute against the palm of the other hand on

the up stroke. The sieve shall be turned every 25 strokes about one-

sixth of a revolution in the same direction. The operation shall con-

tinue until not more than 0.05 g. passes through in one minute of

continuous sieving (Note 1). The fineness shall be determined from

^A.S.T.M. Standards Adopted in 1926.
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the weight of the residue on the sieve expressed as a percentage of the

weight of the original sample, applying the sieve correction (Note 2).

Notes

1. The essential points in the sieving operation may be summarized
as follows:

(1) Rotation of the sieve throughout the process.

(2) Guarding against loss of material. Sieve over white paper
and always tap the sieve gently.

(3) Use of a balance which will give results correct within
5 mg. and sufficiently sensitive so that the rest point
will be deflected at least two divisions of the scale for

an added load of 5 mg.
(4) Washers, shot and slugs should never be used on the sieve.

(5) Excessive humidity interferes with good sieving. It tends
to decrease the percentage of cement passing the sieve,

and in general, to produce irregular results.

2. A plus (+) sieve correction indicates the amount to be added
to and a minus (—) sieve correction the amount to be subtracted from
the per cent passing the sieve to obtain the true fineness. The per

cent passing is the amount obtained by subtracting the per cent residue

from 100. The corrections are used in the reverse order when applied

to the residues direct.

32. Mechanical sieving devices may be used, but tlie cement shall

not be rejected if it meets the fineness requirement when tested by the

hand method described in Section 31.

(IX) MIXING CEMENT PASTES AND MORTARS
Method

33. The quantities of dry materials to be mixed at one time shall

be 500 g. for neat cement mixtures and 1000 g. for mortar mixtures.

The proportions of cement or cement and sand shall be stated by

weight in grams of the dry materials; the quantity of water shall be

expressed in cubic centimeters (1 cc. of water= 1 g.). The dry mate-

rials shall be weighed, placed upon a non-absorbent surface, thoroughly

mixed dry if sand is used, and a crater formed in the center, into

which the proper percentage of clean water shall be poured; the

material on the outer edge shall be turned into the crater by the aid of

a trowel. After an interval of Yz minute for the absorption of the water

the operation shall be completed by continuous, vigorous mixing,

squeezing and kneading with the hands for at least one minute. Dur-

ing the operation of mixing, the hands shall be protected by rubber

gloves.

Note.—In order to secure uinformity in the results of tests for the

time of setting and tensile strength the manner of mixing above de-

scribed shall be carefully followed. At least one minute is necessary
to obtain the desired plasticity wiiich is not appreciably affected by
continuing the mixing for several minutes. The exact time necessary
is dependent upon the personal equation of the operator. The error

in mixing shall be on the side of over mixing.
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34. The temperature of the room, the materials, the mixing water,

the moist closet and storage-tank water shall be maintained as nearly

as practicable at ZTC. (70°Fahr.) and the mixing water, moist closet

and the water in the storage tank shall not vary from this temperature more

than 3°C. (5°Fahr.).

(X) NORMAL CONSISTENCY
Apparatus

35. The Vicat apparatus consists of a frame A (Fig. 1) bearing

a movable rod, B, weighing 300 g., one end C being 1 cm. in diameter for

^E

'////7//////////////////////ymm.V77/

Fig. 1

—

Vicat Apparatus

a distance of 6 cm., the other having a removable needle D, 1 mm. in

diameter, 6 cm. long. The rod is reversible, and can be held in any desired

position by a screw R, and has midway between the ends a mark F which

moves under a scale (graduated to millimeters) attached to the frame A.
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The paste is held in a rigid conical ring, resting on a glass plate about 10

cm. square. The ring shall be made of a non-corroding, non-absorbent

material, and shall have an inside diameter of 7 cm. at the base, 6 cm. at

the top, and a height of 4 cm.

Method

36. In making the determination, 500 g. of cement, witii a

measured quantity of water, shall be kneaded into a paste, as described

in Section 33, and quickly formed into a ball with the hands, complet-

ing the operation by tossing it six times from one hand to the other,

maintained about (> in. apart; the ball resting in the palm of one hand

shall be pressed into the larger end of the conical ring held in the other

hand, completely filling the ring with paste; the excess at the larger

end shall tlicn be removed by a single movement of the palm of the

hand; the ring shall then be placed on its larger end on a glass plate

and the excess paste at the smaller end sliced off at the top of the ring

by a single oblique stroke of a trowel held at a slight angle with the

top of the ring, and the top smoothed, if necessary, with a few light

touches of the pointed end of the trowel. During these operations

care shall be taken not to compress the paste. The paste confined in

the ring, resting on the plate, shall be placed under the rod, the larger

end of which shall be brought in contact with the surface of the paste;

the scale shall then be read, and the rod quickly released. The paste

shall be of normal consistency when the rod settles to a point 10 mm.
below the original surface in Yz minute after being released. The
apparatus shall be free from all vibrations during the test. Trial pastes

shall be made with varying percentages of water until the normal

consistency is obtained. Each trial shall be made with fresh cement.

The amount of water required shall be expressed in percentage by

weight of the dry cement.

37. The consistency of standard mortar shall depend on the

amount of water required to produce a paste of normal consistency

from the same sample of cement. Having determined the normal con-

sistency of the sample, the consistency of standard mortar made from

the same sample shall be as indicated in Table I, the values being in

percentage of the combined dry weights of the cement and standard

sand.

Table I.

—

Percentage of Water kor Standard Mortars

Percentage of Water for
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(XI) DETERMINATION OF SOUNDNESS

Note.-—Unsoundness is usually manifested by change in volume
which causes distortion, cracking, checking, or disintegration.

Pats improperly made or exposed to drying may develop what are
known as shrinkage cracks within the first 24 hours and are not an
indication of unsoundness. These conditions are illustrated in Fig. 3.

The failure of the pats to remain on the glass or the cracking of
the glass to which the pats are attached does not necessarily indicate
unsoundness.

Apparatus

38. A steam apparatus, which can be maintained at a temperature

between 98 and 100° C, or one similar to that shown in Fig. 2, is

recommended. The capacity of this apparatus may be increased by
using a rack for holding the pats in a vertical or inclined position.

Method

39. A pat from cement paste of normal consistency about 3 in.

in diameter, ^ in. thick at the center, and tapering to a thin edge,

shall be made on flat clean glass plates about 4 in. square, and stored

in moist air for 24 hours. In molding the pat, the cement paste shall

first be flattened on the glass and the pat then formed by drawing the

trowel from the outer edge toward the center, then flattening the top.

The pats used for the time of setting tests by the Gillmore method
may be used for soundness tests.

40. The pat shall then be placed in an atmosphere of steam at a

temperature between 98 and 100° C, upon a suitable support 1 in. above
boiling water for 5 hours.

Note.—It is important that the specimens be 24 hours old when
placed in steam, since variations in their age will produce differences
in the results of the steam tests. Particularly noticeable are the effects
of steaming pats too soon, for many specimens steamed when only 10

or 12 hours old give apparently satisfactory results, while failure would
be observed if they were not placed in steam until 24 hours old.

41. Should the pat leave the plate, distortion may be detected

best with a straight ©dge applied to the surface which was in contact

with the plate.

(XII) DETERMINATION OF TIME OF SETTING
42. The following are alternate methods, either of which may be

used as specified:

Vicat Apparatus

43. The time of setting shall be determined with the Vicat appa-

ratus described in Section 35. (See Fig. 1.)

Vicat Method

44. A paste of normal consistency shall be molded in the hard-

rubber ring G as described in Section 36, and placed under the rod B,
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the smaller end of which shall then be carefully brought in contact with

the surface of the paste, and the rod quickly released. The initial set

shall be said to have occurred when the needle ceases to pass a point

5 mm. above the glass plate in Yi minute after being released; and the

final set, when the needle does not sink visibly into the paste. The
test pieces shall be kept in moist air during the test. This may be

accomplished by placing them on a rack over water contained in a pan

(a) Pat with Top Surface Flattened for Determining Time of Setting

b\' Gillmore Method

wW//////^y/^//////////////////////////////////////////////////^^^^

(b) (jiUmore Needles

Fig. 4.

and covered by a damp cioth, kept from contact with them by means
of a wire screen; or they may be stored in a moist closet. Care shall

be taken to keep the needle clean, as the collection of cement on the

sides of the needle retards the penetration, while cement on the point

may increase the penetration. The time of setting is affected not

only by the percentage and temperature of the water used and the

amount of kneading the paste received, but by the temperature and
humidity of the air, and its determination is therefore only approxi-
mate.
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Gillmore Needles

45. The time of setting shall be determined by the Gillmore

needles. The Gillmore needles should preferably be mounted as shown

in Fig. 4 (b), and the needle ends shall be maintained in a clean con-

dition and shall be plane and at right angles to the axis of the rod.

Fig. 5.

—

Details for Briquet

Gillmore Method

46. The time of setting shall be determined as follows; A pat of

neat cement paste about 3 in. in diameter and J^ in. in thickness with

a flat top Fig. 4 (a), mixed to a normal consistency, shall be kept in

moist air at a temperature maintained as nearly as practicable at 21°

C. (70° Fahr.). The cement shall be considered to have acquired its

initial set when the pat will bear, without appreciable indentation, the
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Gillmore needle 1/12 in. in diameter, loaded to weigh J4 lb. The final

set has been acquired when the pat will bear, without appreciable in-

dentation, the Gillmore needle 1/24 in. in diameter, loaded to weigh 1

lb. In making the test, the needles shall be held in a vertical position

and applied lightly to the surface of the pat.

(XIII) TENSION TESTS

Form of Test Piece

47. The form of test piece shown in Fig. 5 shall be used. The
molds shall be made of non-corroding metal and have sufficient mate-

rial in the sides to prevent spreading during molding. Gang molds

when used shall be of the type shown in Fig. 6. Molds shall be oiled

with a mineral oil.

Standard Sand

48. The sand to be used shall be natural sand from Ottawa, 111.,

screened to pass a No. 20 sieve and retained on a No. 30 sieve. This

sand may be obtained from the Ottawa Silica Co., Ottawa, III.

49. This sand shall be considered standard when not more than

S g. are retained on the No. 20 sieve, and not more than 5 g. pass the

No. 30 sieve, after one minute continuous sieving of a 100-g. sample.

Fig. 6.

—

Gang Mold

in the manner specified for sieving cement on the No. 200 sieve (see

Section 31).

50. The Nos. 20 and 30 sieves shall conform to the requirements

for these sieves as given in the Standard Specifications for Sieves for

Testing Purposes (Serial Designation: E 11).

Molding

51. Immediately after mixing the standard mortar in accordance

with the methods for mixing cement pastes and mortars the molds
shall be filled heaping full without compacting. Then the mortar

shall be pressed in firmly with the thumbs, applying pressure 12 times

to each briquet, at points to include the entire surface. The pressure

shall be such that the simultaneous application of both thumbs will

register a pressure of between 15 and 20 lb. Each application of the

thumbs shall be maintained not longer than sufficient to attain the

specified pressure. Then the mortar shall be heaped above the mold
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and smoothed off with a trowel. The trowel shall be drawn over

the mold in such a manner as to exert a pressure of not more than 4

lb. The mold shall then be turned over upon a plane plate oiled with

mineral oil, and the operation of heaping, thumbing and smootliing

off repeated. No ramming or tamping shall be used, nor any trowel-

ing in excess of that required to smooth off the specimen.

Testing

52. The briquets shall be tested as soon as they are removed

from the water. Tests may be made with any machine meeting the

following requirements: The machine shall be capable of weighing

the applied load within 0.5 per cent of the nominal value. The sensi-

bility reciprocal (the weight required to be added to the load to move
the beam from a horizontal position of equilibrium to a position of

equilibrium at the top of the trig loop) shall not exceed 1 lb. at the

full capacity of the machine or at any lesser load. The clips for

holding the tension test specimens shall be in accordance with Fig. 7.

The bearing surfaces of the clips and briquets shall be free from sand

or dirt, and the roller bearings shall be well oiled and maintained

so as to insure freedom of turning. The briquets shall be carefully

centered in the clips and the load applied continuously at the rate of

600 lb. per minute.

53. Testing machines shall be frequently calibrated in order to

determine their accuracy.

Faulty Briquets

54. Briquets that are manifestly faulty, or which give strengths

differing more than 15 per cent from the average value of all test

specimens made from the same sample and tested at the same period,

shall not be considered in determining the tensile strength.

(XIV) STORAGE OF TEST SPECIMENS

Apparatus

55. The moist closet may consist of a soapstone, slate or concrete

box, or a wooden box lined with metal. The interior wall surfaces of

all closets shall be covered with felt or broad wicking kept wet. The
bottom of the moist closet shall be covered with water to a depth of

at least 2 in.

Method

56. All test specimens, immediately after molding, shall be kept

in the molds on plane plates in the moist closet for from 20 to 24 hours

in such manner that the upper surfaces shall be exposed to the moist

air.

57. The briquets shall then be removed from the molds and

immersed in clean water in storage tanks constructed of non-corroding

material.





REPORT OF COMMITTEE XVII—WOOD
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F. C. Shepherd, Chairman; C. F. Ford, Vice-Chairman;
W. G. Atwood, W. H. Kirkbride,
R. S. Belcher, G. P. MacLaren,
Z. M. Briggs, C. W. Osborne,
C. S. Burt, L. J. Reiser,

G. M. Davidson, W. R. Rhodes,
G. F, Eberly, Dr. Hermann von Schrenk,
J. E. Fanning, O. C. Steinmayer,
E. B. Fulks, T. H. Strate,
Andrew Gibson, J. H. Waterman,
E. W. Hammond, J. W. Williams,
R. H. Howard, Galen Wood,
R. S. Hubley, Committee.

To the American Railway Engineering Association:

This Committee respectfully presents herewith a report covering the

following subjects:

(1) Revision of the Manual (Appendix A).

(2) Service test records (Appendix B).

(3) Preservative treatment of trunking and capping (Appendix C).

(4) Marine piling investigations (Appendix D).

(5) Treatment with creosote and petroleum (Appendix E).

(6) Treatment with zinc chloride and petroleum (Appendix F).

(7) Preparation of structural material before treatment (Appendix G).

(8) Report on the effect of steaming on wood (Appendix H).

(9) Outline of work for ensuing year.

Action Recommended

Your Committee recommends that Appendix A, Revision of the Man-
ual; Appendix C, Preservative Treatment of Trunking and Capping; and

Appendix G, Preparation of Structural Material before Treatment, be

adopted and published in the Manual.

Your Committee recommends that Appendix B, Service Test Records

;

Appendix D, Marine Piling Investigations; Appendix E, Treatment with

Creosote and Petroleum ; Appendix F, Treatment with Zinc Chloride and

Petroleum ; Appendix H, Report on the Effect of Steaming on Wood, be

accepted as information.

Outline of Work for Ensuing Year

1. Revision of Manual.

2. Definitions of terms or words used in Wood Preservpti-^n.

3. Service test records.

4. Marine piling investigations.

5. Treatment with creosote and petroleum.

6. Treatment with zinc chloride and petroleum.

7. Treatment of air-seasoned Douglas Fir.

8. Outline of work for the ensuing year.

Respectfully submitted, •

The Committee on Wood Preservation,

F. C. Shepherd. Chairman.

Bulletin 295, March. 1927.
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Appendix A

(1) REVISION OF THE MANUAL

Dr. Hermann von Schrenk, Chairman, Sub-Committee ; E. B. Fulks, Vice-

Chairman; R. S. Belcher, C. S. Burt, G. M'. Davidson, C. F. Ford,

R. H. Howard, L. J. Reiser, O. C. Steinmayer.

The work of the Sub-Committee on Revision of the Manual was

devoted largely to a rearrangement of the various parts with a view to

bringing about coordination of subjects which belong together. The

Committee has the following recommendations to make

:

First.—In order that co-related subjects may be brought together, we

recommend that before the next printing of the Manual all subjects now

in the Manual or such as may be adopted at this Convention be rearranged

into the following general sections

:

(1) Section of general provisions.

(2) Section relating to the preparing and handling of wood before

and after treatment.

(3) Specifications for the preservative treatment of ties, piling,

bridge timbers, etc.

(4) Specifications for treating processes.

(5) Specifications for preservatives.

(6) Methods for measuring, sampling, and analyzing preservatives.

Second.—It is recommended that all reference to the amount of creosote

to be retained be eliminated from treating specifications for processes using

creosote.

This recommendation is made because in actual practice the quantities

of creosote to be retained will depend upon the kind of wood treated, the

kind of timber, the amount of sapwood and the place where the material

is to be used, and is, therefore, necessarily a variable amount. The speci-

fication for quantity is likewise out of place in the description of the

process. Realizing the necessity for having some guide as to the quantity

to be retained, your Committee sent an inquiry to a considerable number

of railroads, who ha\e been creosoting maintenance of way material for

a good many years.

Attached hereto is a tabulation showing the answers received. A
study of this tabulation indicates that there is about as much diversification

of quantities as there are railroads. After a careful study, your Committee

has prepared a table which follows herewith, and recommends that this

table be adopted for insertion in the Manual. This table should be used

in connection with all kinds of wood suitable for treatment except

Douglas fir and western larch. The Committee felt that sufficient infor-

mation was not available to include Douglas fir, but hopes to have another

table applicable to Douglas fir for presentation at a later date. In its

preparation, the geographical location in which timber is used, has been

considered negligible. In determining the quantities recommended, em-

phasis has been placed on the use factor. This involves whether the wood

is to be used in contact with the ground, in water, or in the air, quantities
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liaving been correspondingly adjusted. The figures given should be taken

only as a guide considering the fact that there will be many occasions

where the kind of wood, amount of sapwood or other conditions may

require a change in the final retention herein recommended. It will be

noted that some of the figures recommended are somewhat higher than

are used by some railroads. Extensive experience, particularly in the last

few years, has plainly indicated that maximum lasting power cannot rea-

sonably be expected when the quantity of creosote retained is too small.

The matter has been well stated by an engineer of one of the railroads which

has had 30 years or more experience.

Referring to a recent examination of bridge timbers treated in 1902,

with 10 lb. of creosote, he says: "A study of piling and stringers, indi-

cates that the 10-lb. treatment as applied at that time at least does not

penetrate all of the sapwood of Texas pine and many of the old piles in

these bridges would have been in almost new condition today had they

had 50 to 100 per cent more creosote than was put in them at that time.

In the caps and in a few of the piling this would have prevented a certain

amount of the checking and shattering which has taken place. All this

leads me to believe that the road which is putting in the most preservative

per cubic foot in these timbers, is nearest the Bull's-Eye."

Table 1.

—

Quantities of Creosote for \^^RI0US Classes of Wood.—
The quantities of creosote given in this table apply to all classes of treat-

able wood except Douglas fir and western larch. The quantities of creo-

sote in terms of pounds per cubic foot final retention given in the follow-

ing table may be considered a safe guide in the treatment of various items

of wood used in maintenance of way construction. Where special condi-

tions obtain it may be necessary to increase or decrease these quantities

to fit special cases— for instance, where the table specifies 16 lb. for

land piling with sapwood more than 2 inches, it may be necessary to

increase this to 18 or 20 lb. or more for piles having 4 inches of sapwood

or more.

Third—As at present constituted, the Manual contains a section

entitled "Grouping, Stacking and Preparing Wood Before Treatment."

Further on in the Manual there are several places dealing with this same

subject. In order to make the Manual consistent, Sub-Committee No. 7

has prepared a report revising this entire section and this Committee

recommends that this revised report be adopted to form .Section 2 of the

Revised Manual.

Fourth—A complete specification for the preservative treatment of

wood should deal with the grade and quality of timber to be treated, the

treating process to be used, description of the preservative to be used and

the quantity of preservative to be retained. In revising the Manual, the

Committee finds much duplication and confusion, and after very consid-

erable study recommends the revision of that part of the Manual dealing

with the specifications for preservative treatment of various classes of

material. In line with this consideration, the Committee recommends the

withdrawal of that part of the Manual as printed in the Supplement to
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Table 1

Process and Pounds
Creosote Per Cubic Foot

Class of Material Full Cell Lowry
Ballast Deck Bridge Plank 16
Bridge Caps 16
Bridge Stringers 16
Bridge Ties
Bulkhead Plank 16
Building Lumber
Car Lumber ,

Conduit
Cross and Switch Ties
Crossing Plank
Cross Arms
Dock Stringers, Caps, and Timbers.

.

Drain Box and Culvert Lumber....
Farm Gates
Fence Posts and Boards
Guard Rails

Ice House Lumber
Longitudinal Braces 16

Piling—Marine 22 or refusal
Piling, Land, Sapwood less than 2 in.. 12

Piling, Land, Sapwood more than 2 in. 16

Platform Plank
Poles
Sills for Frame Buildings 14
Sign Posts 12

Stock Pen Posts and Lumber 12
Sway Braces 16
Tie Plugs 12

Trunking and Capping (Wires in

Petroleum Asphalt) 12

Trunking and Capping (Wires Loose
in Trunking)

Water Tank Staves 12

16

14

14

10

*8

8
8
8
8
6

6
6
10

14

12

12

Rueping

10

's

8
8
8
8
6

14

6
6
10
14

10
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ten this is a composite specification dealing with material, oil, treatment,

and recommendations for handling. The specifications for piles and tim-

bers should be those of the A.R.E.A. as presented by the Committee on

Wooden Bridges and Trestles and in conformity with other recommen-

dations, your Committee believes that these do not belong in the Wood
Preservation section. The oil specification is part of the standard specifi-

cation for creosote and is therefore a repetition. Treatment—this is a

repetition of the standard specification for full cell treatment with the

exception that it provides for steaming. It is the unanimous opinion of

the Committee that steam treatment is not approved by the Association

and that this clause should therefore be withdrawn. Where in cases of

urgent necessity material has to be steamed, there is ample provision in

paragraph 7 of the specification for full cell process to take care of this

factor.

In connection with the question of steaming—the Committee presents

in Appendix H a comprehensive analysis of all tests made to date dealing

with the question of steam treatment in relation to strength, prepared by

Dr. W. K. Hatt, of Purdue University. This report was prepared by Dr.

Hatt for the American Creosoting Company to whom the Committee is

indebted for permission to print same. Attention is called to Dr. Hatt's

conclusions which bear out the Committee's feeling that steaming is not

desirable.

Recommendations for Handling and Installation.—Paragraphs 1

to 10 under this section are now taken care of in the section entitled

"Preparation of wood before treatment with preservatives and care of

same after treatment."

In place of these clauses, the following is recommended for adoption

to form Section 3 of the revised Manual

:

Specifications for the Preservative Treatment of Ties, Piung,

Bridge Timbers, Etc.—A complete treating specification should contain

the following:

1. Material.—Material shall conform to the Association's stand-

ard specification for the particular class desired.

2. Treating Process.—The process used shall conform to one of

the Association's specifications for treating processes.

3. Preservative.—The preservative used shall conform to one of

the following standards of the Association.

Creosote, Grades 1, 2, or 3,

Creosote Coal-Tar Solution,

Zinc Chloride.

4. Amount of Preservative.—For the amount of creosote to be

used per cubic foot sec the following tables.* For the amount of zinc

chloride to be used see the specifications for zinc chloride treatment.

This does not apply to Douglas Fir.
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(Note.—In the revised Manual the table relating to creosote quantities

to be retained will follow here.)

Fifth—The Committee recommends that the title near the middle of

page 78 (Bulletin 288) now reading "Specifications for Preservative

Treatment of Wood" be changed to read "Spfxifications for Treating

Processes."

Revision of Flask for Distilling Creosote.—In 1926 the Association

adopted the revised flask for distilling creosote. It will be remembered

that this flask resulted from co-operative work of Committees of the

A.R.E.A., A.S.T.M'., and A.W.P.A. Since the publication and adoption of

the flask by the A.R.E.A. certain amplifications have been found necessary

in the description of tlie flask. It is recommended that the following be

adopted to appear on page 110 of Supplement to Manual, Vol. 28, Bulletin 288

:

To Be Substituted for Fig. 8, Page 110, Bulletin 288

(a) Flask.—The distillation flask, Fig. 8, shall be a side neck dis-

tilling flask, having the following dimensions

:

Diameter of bulb (outside) 86 mm. ± 1.5 mm.
Diameter of neck (inside) 22 " ±1.0 "

Diameter of tubulature (inside) 10.0
" ± 0.5 "

Length of neck 43 " ±1 "

Distance, top of neck to tubu-

lature 25 " ±1
Angle of tubulature IZ deg. ± 1 deg.

Length of tubulature 22 cm. ± 0.5 cm.

(b) Condenser Tube.—The condenser tube shall be a suitable form

of tapered glass tubing of the following dimensions

:

Diameter of small end 12.5 mm. Permissible variation ± 1.5 mm.

Diameter of large end 28.5 " Permissible variation ± 3.0

Length 360.0 " Permissible variation ± 4.0 "
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(c) Shield.—An asbestos shield of the form and approximate

dimensions shown in Fig. 10 shall be used to protect the retort from air

currents and to prevent radiation. This may be covered with galvanized

iron, as such an arrangement is more convenient and more permanent.

(d) Receivers.—The distillates shall be collected in tared Erlen-

meyer flasks having a capacity of 100 ml.

In the paragraph entitled "Method" on page 112 of the revised

Manual of 1926, the second sentence now reads ''The distillation shall be

conducted at the rate of at least one drop and not more than two drops

per second"— it is rv.'commended that this sentence be revised to read "the

distillation shall be conducted at the rate of between 80 and 120 drops

per minute, etc."

Fig. 8 "Flask for Distillation." In line with the revision for the

dimensions, a revised drawing is herewith submitted to replace the one

adopted in 1926. The difiference from the drawing as originally adopted

are corrections of certain dimensions of the tubulature.

Revision of Sampling of Creosote for Water Contents.—The Com-
mittee recommends the adoption of a revision of this paragraph as fol-

lows : "It is recommended as good practice that, in order to obtain accu-

rate determination as lo the percentage of water contained in creosote in

tank cars and storage tanks, the principle of zone sampling be employed

and that for the purpose of obtaining zone samples an apparatus of the

type illustrated (Fig. 1, Bui. 288, p. 104) be used." The revised paragraph

omits the reference to the Proceedings, Vol. 17, and substitutes the actual

description of the method which follow^s herewith. It is recommended for

adoption in the Manual that a description of the actual method for obtaining

samples from tank cars be adopted as follows

:

STANDARD METHOD OF SAMPLING CREOSOTE IN TANK
CARS

Apparatus

The sampling device shall be a brass cylinder having a capacity of

about one quart with a pointed perforated bottom. The openings .are

closed by means of a si>ring valve, which is operated by means of a wire

extended along and held in place by the extended stem attached to the

cylinder. The stem is made in several sections. It is calibrated in feet

and inches from the openings in the cylinder to the top of the stem. The
straight walled part of the cylinder is 12 inches long and 2j/ inches in

diameter. (See Fig. \.)

One-quart friction to]) cans to receive contents of samples, one for

each 1-foot zone in the car to l>e sampled.

A thermometer with range alK>ut 0° F. to 200° F., preferably having

a metal case and cup which will withdraw a small amount of oil sur-

rounding the bulb.
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Fig.
1. Details of Zone Sampling Apparatus.
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Procedure

Samples shall be taken as follows

:

First.—Determine by inserting a thin wooden pole that the contents

of the car are reasonably liquid throughout its depth.

Second.—Determine the temperature of the oil in the tank car.

Third.—Determine the inside diameter of the shell in feet and inches

from the point marked "A" in Fig. 1-Z.

Fourth.—Refer to Table 1, whose tabulations provide for any tank

car from 6 feet inches to 8 feet inches diameter.

Fifth.—If the level of liquid in the car is above or at point "A," take

the first sample 6 inches below point "A." (A full dome contains 140

gallons ; if the dome should be full or substantially full of water, proceed

in same manner but add the amount of water contained in dome to the

determined amount.) If the liquid is below the point "A," the distance from

point "A" to the level of the liquid shall be measured and the first sample

taken at a point one-half of the distance from "Al" to "B," "B" repre-

senting a point 12 inches below "A" and "Al" the determined distance

from "A" to the level of the liquid. Succeeding samples shall be taken

at the center of each 1-foot zone, hence at levels 1 foot 6 inches, 2 feet 6

inches, 3 feet 6 inches, 4 feet 6 inches, 5 feet 6 inches, etc., below "A."

The final or lowest sample will in some cases be more and in others less

than 6 inches above the bottom of the shell, as will be readily understood

from the diagram and tables; and the lower zone therefore varies from

9 inches to 18 inches in depth, but its proper relative weight is cared for

accordingly in the tables. Each sample as taken should be immediately

transferred to friction top cans, bearing tags indicating the zone numbers,

beginning with No. 1 at the top.

Each sample shall be tested separately for water according to the

standard method (see Manual—Creosote, Analysis, Water Content),

excepting as follows

:

Before measuring the oil in the graduated cylinder, place therein about

200 c.c. of coal-tar solvent naphtha, such as crude xylol, which boils

between 100° and 200° C. (This must be previously tested to insure that

it contains no water.) Then measure the oil into the cylinder with the

solvent, transfer entire contents to still, and proceed.

The samples must be very thoroughly agitated before taking the por-

tion for analysis. The oil must of course be heated, if necessary, to insure

being completely liquid.

In case the sample representing any zone contains so much water that

a fair portion cannot be taken out, transfer the entire contents of the can

to the graduated cylinder and into the still.

From the results determined on testing the separate samples, the per-

centage of water in the contents of the tank car is computed by the

following method : Multiply the percentage of water found for each
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sample by the corresponding combining factor taken from the column in

Table 1 already selected. Note that where the first sample is not taken at

the point 6 inches below "A," because the surface is lower than that

point, then the combining factor must be selected from appropriate supple-

mentary tables. (Nos. 2, 3, 4 and 5.)

Posif ion of "X' when
ouioge level is A'

-f Levels for

Zone Sampling.

Fig. 1-Z—Standard Sampling Zones in Tank Cars 6 to 8 Feet in

Diameter

In case a rapid determination of water is necessary it is obvious that

proportioned parts of the samples can be combined according to the same

factors to form one sample, whose water content can then be directly

determined. But in this event the correctness of the result will depend

entirely on the skill and care with which the samples are mixed and the

proportional parts taken. The combined sample should consist of ten times

the combining factor in c.c, and this in turn must be thoroughly mixed

while liquid throughout and a 200 c.c. sample taken for testing.

Simplified Method for Taking Zone Samples of Creosote in Tank
Cars.—In many cases a simpler method for zone sampHng may be found

advantageous. If observation indicates an unusual or excessive amount of

free or mixed water, the standard zone sampling method of the Associa-

tion shall be followed (See above). Otherwise a sampler of the type



Table 1— Combinine Factors—Tank Cars Full

Diameter of Tank Car
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shown in Figure (1-S) may be used. This shall first be lowered until the

point marked "Zone No. 1" is level with the top of the dome, the cover

removed and vessel filled at that point, and then slowly withdrawn. This

procedure shall be repeated tzidce at point marked "Zone No. 2," and

again, once, at point marked "Zone No. 3." The four samples shall then

be combined and mixed at once, while the oil is thoroughly liquid—no

sample shall be taken for analysis from oil which contains crystals.

hardlel'xii'. Screw Eye

fxll'teolfs ivifh

S£j heods and

scf.nufs.

1
i"R;vef

Zone 3 ~

Zone I -r 4^ -

M3-M|

r-ff

1, 8-7a

6'3i

Cord here

NL
Top TiSFP^

Fig. 1-S—Substitute Zone Sampling Apparatus



Wood Preservation 1125

Appendix B

(2) SERVICE TEST RECORDS

Z. M. Briggs, Chairman, Sub-Committee; G. F. Eberly, J. E. Fanning,

Andrew Gibson, R. H. Howard, G. P. MacLaren, W. R. Rhodes, Dr.

Hermann von Schrenk, F. C. Shepherd, J. H. Waterman.

1. The Committee has revised and extended the table of Tie Renew-
als per Mile, which now includes 26 railroads. A line has been added

showing the average number of ties per mile in track, on each road, so

that the average life of ties may be estimated. The average ties per mile

in track was obtained by dividing the total number of ties, reported in the

federal valuation, by the total mileage maintained at date of valuation.

2. A table is given of additional completed service tests of cross-ties

reported by the Forest Products Laboratory. This table is a supplement

to the complete table printed last year.

3. The Forest Products Laboratory this year revised its curves show-

ing average life of ties. The curves printed in the 1918 Proceedings were

based on records of 42,936 ties, and this year's curves on records of

127,552 ties. The revised curve is given in our report, also a statement

giving the same information in a tabular form, which we believe is the

more convenient form for general use.

In the use of the curve the following considerations should be borne

in mind: (1) The larger and more homogeneous the group of ties under

consideration, the greater the likelihood that the curve of renewals will

closely represent the results that will be obtained. (2) When the number
of renewals is very small, the average life estimated from the curve will

not be as reliable as that indicated when larger proportions of renewals

have been made. When, however, the number involved is sufficient to

furnish a representative sample, the table or curve provide a means of

closely estimating the rate of renewals and average hfe to be expected,

which will hold for groups of ties having either a long or a short average

life.
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Appendix C

(3) PRESERVATIVE TREATMENT OF TRUNKING AND
CAPPING

C. F. Ford, Chairman, Sub-Committee ; Dr. Hermann von Schrenk, E. W.
Hammond, R. S. Belcher, J. H. Waterman.

Your Committee submits the following specifications for Preservative

Treatment of Signal Trunking and Capping:

1. Purpose

(a) This specification provides for the preservative treatment of

capping and grooved trunking for the protection of insulated signal wires

and cables.

2. General Requirements

(a) Preservative shall be A.R.E.A. Grade 1 Creosote.

(b) Trunking shall be placed in the treating cylinder with the groove

down, and, unless otherwise directed by the Railroad's representative, shall

be given a final steaming of thirty minutes to one hour to remove all free

creosote.

(c) Capping and trunking which has been given the preservative

treatment shall be air seasoned sixty to ninety days before wires are

placed therein.

3. Method of Treatment

Treatment shall be in accordance with the following specifications

:

(a) Full Cell Process (to be used only where wires are to be laid

in petroleum asphaltum).

(b) Lowry Process.

(c) Rueping Process.

(d) For recommended amount of creosote to be used see Table No. 1.
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Appendix D

(4) MARINE PILING INVESTIGATION

Dr. Hermann von Schrenk, Chairman, Sub-Committee; W. G. Atwood,

C. S. Burt, Andrew Gibson, F. C. Shepherd.

This Sub-Committee has continued its supervision of the long-time

tests inaugurated by the National Research Council as well as the tests

started by its own members and those for which specimens were prepared

by the Chemical Warfare Service. It has kept informed regarding the

work of the Forest Products Laboratory and some of the foreign investi-

gators, and sumbits reports on some of this work.

As in previous reports, the materials under test are classified as

follows

:

Part I—Supposedly immune timber and methods of mechanical

protection.

Part II—Chemical Warfare Service tests.

Part III—Tests of creosotes and allied preserviitives.

(I) IMMUNE TIMBER AND MECHANICAL PROTECTION

The tests reported last year showed that cottonwood did not possess

the resisting power attributed to it and no further tests have been made

with it or any other indigenous timber.

The foreign timbers under test are : greenheart, angelique and man-

barklak from Dutch Guiana (Surinam) ; turpentine wood from Australia;

and several South American, Philippine and Sumatran timbers under test

at Panama.

Locations of tests and inspection reports are as follows:

Angelique (Dicorynia paracusis, Benth.)

New York, New Haven & Hartford Railroad.

Slades Ferry, Conn. Installed July 17, 1923. No attack seen on

inspection of October 16, 1925, and October 2, 1926.

Southern Pacific Company.

Galveston, Texas.' Installed July 11, 1923. Not attacked in October,

1925.

Florida East Coast Railroad.

St. Augustine, Fla. Installed July 31, 1923. No attack visible Octo-

ber 6, 1925, or in October, 1926.

Panama Canal.

Miraflores, C. Z. Installed September 17, 1923. These specimens have

had a number of inspections and no attack has been found up to October

12, 1926.

Manbarklak (Lecythis ollaria, L.)

New York, New Haven & Hartford Railroad.

Slades Ferry, Conn. Installed July 17, 1923. No sign of attack on

October 16, 1925, or October 2, 1926.

Southern Pacific Company.
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Galveston, Texas. Installed July 11, 1923, and not attacked on Octo-

ber 16, 1925.

San Francisco, Cal. Installed January' 5, 1924. No inspection as ycl.

Florida East Coast Railroad.

Key West, Fla. Installed August 5, 1923. Slight limnoria attack

reported in December, 1924, and a heavier one in October, 1925. The
inspection of October, 1926, showed that this attack was progressing and

had reached a depth of l/j inch.

Forest Products Laboratory.

Pensacola, Fla. Installed 1923-24 and not attacked in February, 1926.

Panama Canal.

Miraflores, C. Z. Installed September 13, 1923. One or two teredo

openings were found in 1925 and on October 12, 1926, six openings were

found, one of which was 1^4 inches long.

Specimens of atigelique and manbarklak installed by the Atchison,

Topeka & Santa Fe at Galveston, Texas, and by the Newport News
Shipbuilding and Dry Dock Company at Newport News, Va., were lost

during their first year of immersion.

Greenheart (Nectandra rodioci, Schomb.)

Forest Producls Laboratory.

Pensacola, Fla. Installed in 1914. Found to be totally destroyed by

martesia in 1926, but api)arently not attacked by shipworms.

Panama Canal.

Miraflores, C. Z. Installed September 13, 1923. Found to be heavily

attacked by shipworms in 1925 and in October, 1926, the damage was still

greater.

Turpentine Wood (Syncarpia laurifolia, Tenore.)

New York, New Haven & Hartford Railroad.

Slades Ferry, Conn., and Warren, R. I. Installed July 14, 1924. No
sign of attack October 16, 1925, but on October 2, 1926, a few shallow

shipworm burrows were found in the sapwood.

Atchison, Topeka & Santa Fe Railway.

Galveston, Texas. Installed July 9, 1924. A slight shipworm attack

was found in the bark and sapwood August 5, 1925, and the specimen was

lost between that time and October, 1926.

Florida East Coast Railroad.

Key West, Fla. Installed June 10, 1924. No visible attack on Octo-

ber 21, 1925, and a few shallow shipworm burrows found in the sapwood

in October, 1926.

San Antonio & Aransas Pass Railroad.

Harbor Island, Texas. Installed July, 1924. No reports received.

Seaboard Air Line Railway.

Seddon Island, Fla. Installed June 4, 1924. In January, 1926, this

specimen was just beginning to be attacked by teredo. At that time there



1130 Wood Preservation

was an averag'e of eight holes to the square foot of surface. Inspected

on November 4, 1926—the holes averaged twenty to the square foot of

surface. The holes in question vary from % inch to ^ inch in diameter.

Only the sap portion of the wood has been attacked by the teredo as yet

;

the heart portion is solid.

Naval Air Station.

Pensacola, Fla. Installed June 13, 1924. In December, 1924, a slight

shipworm attack in the bark and sapwood was found, but there was no

increase in intensity on October 1, 1925. In October, 1926, some burrows

on one side had reached a depth of 2 inches, while on the other, the attack

had made no progress.

U. S. District Engineer, Charleston, S. C.

Castle Pinckney, S. C. Installed June 24, 1924. A light attack by

shipworm was found in the bark and sapwood in December, 1924, but

there had been no increase in the intensity of the attack either in October,

1925, or September, 1926.

Vancouver Island.

The wharf built on turpentine wood piles was inspected during the

past summer by the Chairman of the Sub-Committee. The shipworm

attack in the bark and sapwood which was in evidence some years ago

has not progressed beyond the sapwood during the 18 years' service of

these piles.

Miscellaneous Timbers
Panama Canal Zone.

These tests on tropical timbers were initiated at the Miraflores Locks

on September 13, 1923, and three additional specimens were submerged on

October 26, 1925. The result of an inspection on October 12, 1925, was
reported by this Sub-Committee last year (p. 981, Vol. 27, Proceedings)

and a report of the inspection of October 16, 1926, furnished by the Acting

Governor of the Canal Zone follows:

Submerged September 17, 1923

Name Source Condition
Almendro Panama Well infested with teredo. A

(Dipteryx odorata, IVilld.) year ago there were a few small

ones. Their size was not deter-

mined because this would require

sectioning of the block. This block
will probably be closed out next
year.

Apitong (Creosoted) Philippine No signs of teredo.

Islands

(Dipterocarpus grandiflorus,
Blanco)
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Name Source
Malabayabas Philippine

Islands

(Tristania decorticata, Merr.)

Yellow Pine
(Pinus sp.)

U. S.

Greenheart Demarara
(Nectandra rodioei, Schomb.)

Foengo (B. W. 1) Dutch Guiana
(Parinaritim campestre, Auhl.)

Anoura (B. W. 2) Dutch Guiana
(Couepia sp.)

Spense Hoedoe (B. W. 3)
Dutch Guiana

(Licancia macrophylla, Benth.)

Inge Barki (B. W. 4)
Dutch Guiana

(Licania heteromorpha, Benth.)

Basra Locus (B. W. 5)
(Angelique) Dutch Guiana

(Dicorynia paraensis, Benth.)

Manbarklak Dutch Guiana
(Lecythis ollaria, L.)

Condition
This is a very heavy wood. The

flat surfaces showed no teredo open-
ings but, when a chamfer was cut
along one edge, three teredo rang-
ing from one inch to two inches

long were found alive. The biggest
had a head ^ in. in diam. Barnacles
were very abundant on this sample.

Thoroughly riddled by teredo

burrows up to Y^ in. in diam. No live

teredo any more. Surface scarred

by limnoria.

It was more infested than last

year with plenty of holes visible.

One teredo opening was found
but the burrow was only about ^
in. long and no animal present. It

would appear that the teredo start-

ed and quit, i. e.—died.

No teredo found.

No teredo found.

Fifteen burrows counted and
many more visible. The burrows
ranged from 1 in. to 3 in. in length
and contained living animals.

No signs of teredo.

Six teredo openings found. One
burrow was opened up along the

edges which was \% in. long.

Submerged October 26, 1925

Kajol Malas Sumatra
(Parastemon)

(nrophyllus, A. D. Cand.)

Kajol Lara Sumatra
(Metrosideros sp.)

Kolaka Sumatra
(Paranariiim sp.)

Twelve teredo openings found.

No attempt was made to uncover
burrows, only a narrow chamfer
being cut along the edges.

Several small openings were
found, two teredo burrows, one J4
in. long and one V/i inches long

were uncovered.

Apparently O. K.
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Ftp 1-Test Piece with Steel Scupper Nails US. Naval Station,
F:g. 1-1 est ™^^Wj^^^^^^_

h. I., Submerged 256 Days
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SCUPPER NAILING

Seaboard Air Line Railway.

Seddon Island, Fla. Installed 1923. Steel nails. This specimen was

lost about December, 1925, but at an inspection a short time before it was

found to have been practically destroyed by shipworms.

Naval Station.

Pearl Harbor, H. L Installed March 21, 1925. Steel nails. Thor-

oughly honeycombed by Teredo parksi on December 2, 1925. At this

time the limnoria had also eaten out the wood between the nail heads.

(Fig. 1.)

Forest Products Laboratory.

Pensacola, Fla., and Gulfport. Miss. Installed 1924. Steel and copper

nails in separate specimens. At an inspection late in 1925 the Pensacola

specimens were found to be sound and the Gulfport specimens very

lightly attacked by shipworms. In 1926 the Pensacola specimens were

attacked principally through the ends and the Gulfport specimens were

thoroughly honeycombed. Contrary to previous experience, the attack

was heavier on those with copper nails than on those with steel.

Sheathed Piles

Bureau of Lighthouses.

Key West, Fla. One pile sheathed with copper and one with monel

metal were installed May 23, 1923. The copper showed no deterioration

on September 29, 1925, or September 15, 1926. The monel was found to

be slightly pitted in 1925 where barnacles had been attached, but no

further deterioration was found in 1926.

Cat Island Light. Copper sheathed pile was installed February 21,

1923, and the monel May 23, 1923. In December, 1924, the copper was
found to be intact and the monel slightly pitted. There was no change

in condition October 25, 1925.

(II) CHEMICAL WARFARE SERVICE

The Chemical Warfare Service continued the laboratory and field

experiments described in the 1923 report of the National Research Council

Committee and added some toxicity tests on other materials and on the

fractions of creosote. The laboratory work was stopped at the end of

the fiscal year 1925 when the appropriations were exhausted. A final

report was submitted for publication by this Sub-Committee and appears

in Bulletin 290.

This has probably been the most extensive biological and chemical

study of the problem which has yet been made. The test specimens

impregnated with new materials have been located where marine borer

attacks were the heaviest and so far none of them have been damaged.

It appears possible that the tests of these compounds previously unused

for impregnation may result in a decided improvement in the industry.

It is interesting to note that the laboratory tests of the relative tox-

icity of the different fractif)ns of credsote agree quite closely with the
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field tests of the Forest Products Laboratory in that the higher boiling

fractions, except that above 355 degrees, were slightly more efficient than

the two lower ones.

A number of sets of test specimens were impregnated at the experi-

mental plant at the Edgewood Arsenal with materials which appeared to

promise protection and in two cases were considerably cheaper than

creosote. These specimens were installed for long time test at selected

locations under the direction of this Sub-Committee. Each set consisted

of three specimens and two sets were sent to each location. These pieces

were treated and numbered as follows

:

No. 1—1 per cent ammoniacal solution of copper car-

bonate in water.

No. 2—1 per cent diphenalamine chlorarsine in A.R.E.A.
No. 1 creosote.

No. 3—0.75 per cent diphenalamine chlorarsine and 0.5 per

cent phenyldichlorarsine in fuel oil.

Fig. 2

—

Chemical Warfare Service Test Specimens Immersed at Naval
Air Station, Pensacola, Fla. 15 Months. Center Piece is

Untreated Control

Inspection reports on these specimens are as follows

:

New York, New Haven & Hartford Railroad.

Warren, R. I. Installed May 15, 1925. No attack was visible on

either treated or untreated pieces on October 16, 1925, or October 2, 1926.

Atchison, Topeka & Santa Fe Railway.

Galveston, Texas. Test frame lost by breaking chain.

Southern Pacific Company.

One set installed at Oakland Pier July 21, 1925, and the other at the

port Costa Ferry Slip July 22, 1925. On October 11, 1926, the untreated

control piece at Oakland was found to have been destroyed by limnoria

and Bankia and the one at Port Costa by teredonavalis, but none of the

treated pieces had been attacked.
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Florida East Coast Railway.

Key West, Fla. Installed September 21, 1925. In October, 1926, the

control pieces were found to be heavily attacked while none of the treated

specimens showed any attack whatever, though they were somewhat

encrusted.

Naval Air Station.

Pensacola, Fla. Installed June 5, 1925. On September 16, 1926, the

untreated control piece was found to be practically destroyed while the

treated specimens were undamaged. (Fig. 2.)

Naval Station—Pearl Harbor, H. I.

Installed August 17, 1925. One set of specimens was submerged

at the Torpedo Pier and the other at the Coaling Pier. On December 17,

1925, there was found to be no attack and no encrustation on the treated

pieces while one of the control pieces was heavily encrusted and the other

was gone. On August 31, 1926, the control pieces were heavily encrusted

and had been badly damaged by litiinoria and shipworms while the treated

pieces were free from attack. Specimens No. 1 and No. 2 were lightly

encrusted and No. 3 more heavily.

Puget Sound Navy Yard.

Installed October 14 and November 3, 1925, and inspected September

25, 1926. Untreated control pieces were heavily attacked by shipworms,

but none of the treated specimens were damaged. Encrustation was heavy

on all except the No. 1 specimens. One barnacle was found on one of

them and none at all on the other.

Naval Air Station.

Coco Solo, C. Z. Set "A" installed July 23 and set "B" August 11,

1925. No attack had occurred at the time of the inspection of October 6,

1925, but the control pieces were heavily encrusted. The inspection of

September 3, 1926, is reported as follows

:

Set "A"—Control piece heavily encrusted, medium shipworm attack, light

limnoria attack.

No. 1—No attack and practically no encrustation.

No. 2—Fairly heavy encrustation but no attack by borders.

No. 3—Fairly heavy encrustation but no attack by borers.

Set "B"—Control piece heavily encrusted with barnacles, light limnoria

attack and practically riddled by shipworms.
No. 1—No attack and no encrustation.

No. 2—Heavily encrusted but not attacked by borers.

No. 3—Heavily encrusted but not attacked by borers.

U. S. District Engineer, Charleston, S. C.

Castle Pinckney, S. C. Installed May 12, 1925. On October 14, 1925,

the control pieces were found to be riddled by shipworms and had to be

replaced while the treated specimens carried a slight encrustation and

were not attached. In September, 1926, the control pieces placed new the

preceding October were found to be destroyed while the treated specimens

were not attacked. The No. 1 pieces were still practically free from

encrustation. (Fig. 4, 5.)
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Fig. 3

—

Test Frame Submerged at Pier 8, Puget Sound Navy Yard.
Sectioned Specimen was Untreated and One at Left Free

FROM Encrustation is No. 1 Specimen

Bureau of Lighthouses.

San Juan, P. R. Installed July 1, 1925. On October 5, 1925, the con-

trol pieces were found to be attacked while none of the treated specimens

were either encrusted or attacked. On August 11, 1926, both control

pieces were found to be very heavily attacked by both limnoria and ship-

worms as well as heavily encrusted. The encrustation on the treated

specimens was light on all pieces but especially on the No. 1 specimens.

There was no apparent attack except what may prove to be the beginning

of a limnoria attack on one of the No. 3 specimens. (Fig. 6.)

Chemical Warfare Service.

Beaufort, N. C. Installed June 13, 1925. On October 27, 1925, the

control pieces were heavily encrusted and attacked while none of the

treated specimens were attacked and carried only a few barnacles.
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U. S. Naval Station.

Cavite, P. I. Installed June 2, 1925. At the inspection o£ October

9, 1925, the control pieces were found to be honeycombed b\ shipworms

and heavil.v encrusted while none of the treated specimens were attacked

and the No. 1 pieces very slightly encrusted.

Fig. a—UxTRE.ATF.n Control Piece Set No. 1, Castle Pixckxev, S. C.

12 AIonths Test

Fig. 5

—

Tre.ated Speci.me.vs .^i ii;>. i.kok.. .\i Camle Pixcknev, S. C.

Set No. 1, 18 Months Test

PART III—EXPERIMENTS WITH CREOSOTES

The Forest Products Laboratory experiments at Pcnsarola and Gulf-

port were described and a summary of the inspection reports for 1933
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were reported in "Marine Structures. Their Depreciation and Preserva-

tion" (pages 140-144), the report of the Committee of the National

Research Council. The inspection report for 1925-1926, containing later

information, follows:

REPORT OF THIRTEENTH INSPECTION

In 1911, the Forest Products Laboratory, in cooperation with the
Louisville & Nashville Railroad and the Gulf & Ship Island Railroad,
started experiments to study the efficiency of various wood preservatives
for protecting piling against marine borers.

This report gives the results of the thirteenth inspection made in

February, 1926, and summarizes the data of previous inspections.

Location of Specimens—The experimental specimens are located
at Gulfport, Miss., and Pensacola, Fla. Those installed at Gulfport are
suspended by chains near the second fire wall on the wharf of the Gulf

Fig. 6

—

Ninth Lighthouse Depot, San Juan, P. R. Test Specimens
FOR Chemical Warfare Service Removed from Sea Water for

Inspection August 11, 1926. Untreated Control Pieces
Split in Foreground

and Ship Island Railroad. Specimens placed at Pensacola are suspended
by chains under the Commendencia Street wharf on the east side of the
warehouse about eight bents south of a bridge across the slip.

Inspection and Treatments—Previous inspections are discussed in

the respective inspection reports. The treatment of specimens pre-
pared at this laboratory is described in progress reports 1 to 10 inclu-

sive and in memoranda dated June 8, 1922, March 24, 1923, January
7, 1925, and March 24, 1926.

The inspections discussed in this report were made by the writer in

February, 1926. All labor required for removing and replacing the speci-
mens was furnished by the cooperating companies.

Method of Making Inspections—After the specimens were
removed for inspection all barnacles and other shell growths were scraped
off so that the surface could be examined. Notes were made on the
extent of borer attack in each test specimen and the results are tabulated in
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this report. In the tables the degree of attack is indicated as follows:

(1) none or slight, (2) medium, (3) severe, (4) destroyed.

Discussion of Results—This report gives detailed information on
the individual specimens placed in test up to date. Tables 1 to 12 inclusive

give in most cases the following data on each specimen, specimen number,

S^

a iH

5^
»
•a d
«> 1-1

a o
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Specimens Installed at Gulfport, Miss., and Pensacola, Fla., in

1911 and 1912—Table 1 shows the condition of specimens installed at

Gulfport, Miss., and Pensacola, Fla., in 1911 and 1912. These were
treated with creosote and various fractions of coal tar creosote. A table

showing the properties of these preservatives is given in the report of the

eleventh inspection made in 1924 (Table 10). Beginning with the most
effective preservative the order is as follows:

(1) Fraction 5

coal tar creosote

Fraction 4

In about the same class

(2) Water gas tar creosote No. 3.

(3) Fraction 3

(4) Fraction 2

(5) Fraction 1

(6) Timber asphalt, copperized oil and hardwood tar.

The results obtained from these treatments are summarized in

Table A.
Specimens Installed at Pensacola, Fla., in 1914 (Table 2)—Table

B is a summary of the results obtained with these specimens.

The order of efficiency of the preservatives is as follows beginning

with the one giving the best results.

f^^. J Copperized coal tar creosote
^ ''

I Creosote with 2 per cent ferric chloride

(2) Water gas tar creosote No. ^L^^g^^gg q j

(3) Water gas tar creosote No. 1
( Sp^gf^^9^5 )

{ Zinc chloride and crude oil

(4) ] Copperized crude oil

[ Spirittine

The three last-named preservatives were very ineffective in com
parison with the creosote oils. All specimens installed at this time have
been destroyed with the exception of those treated with copperized coal

tar creosote and creosote containing 2 per cent ferric chloride. While a

somewhat longer average life will be obtained from the specimens treated

with creosote having 2 per cent ferric chloride the average absorption

obtained in specimens treated with this creosote mixture was about 40 per

cent greater than that obtained in the specimens treated with copperized

creosote. It is probable that for the same absorptions about equally good
results would be obtained with these two preservative mixtures.

The absorptions obtained in specimens treated with water gas tar

creosotes were considerably lower than those obtained with coal tar creo-

sote and for this reason a good comparison of the two preservatives

cannot be made. Although the absorptions obtained with the higher

boiling water gas tar creosote No. 2 were lower than those obtained with

the lower boiling oil No. 1, the higher boiling preservative was more
effective.

The untreated greenheart specimens were destroyed by martesia. This

was the only borer that appeared able to attack this species.

Specimens Installed at Gulfport, Miss., and Pensacola, Fla., in

1915 (Table 3)—Table C is a summary of Table 3 showing the results

obtained with these specimens.



Wood Preservation 1141

Table B, Siimoiary of re salts obtained with BpeoimenB Inatalled at
FenBaoola, 71a., In 1914.

(Speolmena l<««leaf pine about 6" In dlam. by 24" lon«)
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ITabls C - Sammary of results obtained wltb speolmena Installed at
Pensaoola, Fla,, In 1918
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Ten of the 16 specimens treated with tar and creosote mixtures have
been lost. Considering the low absorptions obtained in the test pieces the
results compare well with those obtained with similar absorptions of coal
tar creosote.

The present condition of the specimens treated with different propor-
tions of napthalene and coal tar creosote indicates that the mixture con-
taining the larger proportion of napthalene was somewhat less effective.

Ferric acetate proved to be of little value.

Specimens Installed at Pensacola, Fla., in 1916 (Table 4)—These
specimens were shortleaf pine 2 in. x 2 in. x 18 in. in size (mostly sap-
wood) and were treated with various preservatives and mixtures.

Table D is a summary of Table 4.

Results of these tests show that creosote and water gas tar and mix-
tures containing large percentages of these two preservatives gave the

best results. Crude oil and mixtures having large proportions of crude
oil were of little value.

Most of the damage to these specimens was caused by limnoria with
the exception of specimens treated with crude oil or those treated with
mixtures having large proportions of crude oil. In the latter case the

pieces were destroyed largely by shipworms.

Specimens Installed at Pensacola, Fla., in 1918—Table 5 shows
the condition of these specimens which were treated with various kinds
of coal tar creosote for comparative tests. While a few of the specimens
show a small amount of shipworm attack, most of the damage has been
caused by limnoria.

At the present time the high boiling creosote oils appear to be the

most effective. Specimens treated with creosotes having large proportions
of tar acids are the most severely attacked.

Specimens Installed at Pensacola, Fla., in 1919—Table 6 shows the
condition of six sections of Douglas fir piling cut from creosoted piles

removed from the Oakland Long wharf in San Francisco Bay after 29
years' service. The Railway Review of August 9, 1919, discusses this

piling. A paper on the subject is also given in the American Wood Pre-
servers' Proceedings, 1920. These specimens were sent to Pensacola by
W. H. Kirkbride, Engineer Maintenance of Way and Structures, South-
ern Pacific Company.

All of these specimens have been attacked by limnoria to a depth of

% io Yi inch. There is no indication of shipworm attack.

Specimens Installed at Gulfport, Miss., and Pensacola, Fla., in
1921—Table 7 shows the condition of specimens of Douglas fir and
longleaf pine treated with creosote. Five specimens treated with copper
carbonate solution and three having dry preservative salts placed in holes
bored in the test pieces were destroyed during the first year of test.

The pine specimens treated with creosote had absorption varying
from about 15 to 26 lb. per cubic foot, while the absorptions in the fir

specimens varied from less than 8 to about 13 lb. per cubic foot.

Three of the six pine specimens are attacked to some extent. Only
one of the eight Douglas fir specimens showed indication of borer attack.

Specimens Installed at Pensacola, Fla., in 1923 and 1924—Table 8
shows the results obtained with specimens installed in 1923. These were
treated with paraffine and mixtures of paraffine and copper iodide, par-
affine and arsenious iodide, and paraffine and creosote. Specimens treated
with paraffine and iodide salts were destroyed within two years. Two of
the six specimens treated with paraffine and creosote are still sound and
four show severe shipworm attack. Three specimens of untreated toledo
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wood (Manbarklak) are still sound. It has been claimed that copper and
steel nails driven in piling gave very promising results in protecting the

wood against borer attack. In order to obtain data along this line sev-

eral 2 inches by 4 inches by 24 inches pine specimens were placed in test

in 1924. Part of the pieces had copper nails driven yi inch apart and
others had steel nails with the same spacing. At last year's inspection

both the copper and steel nail specimens placed at Gulfport showed slight

shipworm attack, while those at Pensacola were practically sound. Un-
treated specimens of the same size and species were entirely destroyed
within a year.

At this year's inspection the copper nail specimens at Gulfport were
completely honeycombed by the shipworm while the specimens with steel

nails showed a considerable amount of attack at the ends. The copper
nail specimens placed at Pensacola were severely attacked at the ends by
the shipworm while the steel nail specimens were in much better condition.

The results indicate that the steel nails are more effective than copper
nails but under conditions such as those found on the Gulf Coast no reli-

ance can be placed on either copper or steel nails as a protection.

Specimens Installed at Gulfport, Miss., and Pensacola, Fla., in

1925—Table 10 gives data on the treatment and condition of six

specimens treated with a proprietary preservative called mercurized solu-

tion and six others treated with a barium hydrate solution.

Slight shipworm attack was noted on the specimens treated with the

mercurized solution while the specimens treated with barium hydrate were
still sound.

Specimens Installed at Gulfport, Miss., and Pensacola, Fla., in 1926
—Experiments discussed in the fifth interim report of the Committee of

the Institute of Civil Engineers (London, England, 1925), indicate that

mixtures of creosote carbazole, creosote and dinitronapthalene, and creo-

sote and dinitrochlorobenzene gave very promising results in protecting

specimens against teredo attack.

In order to test these mixtures treatments were made as outlined in

Table 10 and the specimens were installed in February, 1926. Four speci-

mens treated with sulphur by the Texas Gulf Sulphur Company were also

installed at this time.

Table 11 lists 40 specimens treated by the Western Union Telegraph
Company, New York, and 30 specimens treated by the Montan Company,
Inc., Boston, Mass. The chemicals used in treating the specimens sent by
the Western Union Telegraph Company are not given in this table, as the
company does not wish to divulge the kind of treatment used until patents
have been secured.
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Heport on Inapectlon Octobor 11th, 1926
of Specimens Installed in San Franolaco Bay

on requeet of Hermann von Schrenk'

(p-Pino) (F-Pir)

Barrett Manufaoturlng Company Material

Placed Station B, Pier 7, San Pranoigoo, January, 1923, Moved to Biological
Station. Oakland Pier. Decem'ber 1925. ifo attack except lightly by limnoria.
Specimen Treatment Condition 10-11-26.

JSTo.

P 1
2
3
4

P 5

6

7

P 9

10
11
12

PI3

14

15

16

S 1
2
3

P 5
6
7

e
9

10
11
12
F13
14

Coke oven original oi^
do.' solids removed
do. acids "

do. bases "

Coke, minus residue above
360 deg.C.
Coke, minus Frao.ESO deg.
270 deg.C.
Coke, minus Frao.up to 230
deg.C.
Coke, minus l'rac.270 deg.
360 deg.C.

Vertical retort original oil
Bo. minus solids
do. " ' aoids
do. " bases

do. minus residua above
360 deg.C.
do. minus fract.230 deg.
270 deg.O.
do. minus fraot.up to
230 deg.C.
do. minus fract. 270 deg.
360 deg.C.

Coke oven oils
duplicating
B 4 in identical order

Coke oven oils
duplicating
£ 6 in indAntlcal order

Vertical retort
Oils dupilicating B 6 in
Identical order

Vertical retort oils dup-
licating B 7 in identical

order.
IfOTB: Ko appreciable change in condition
of these pieces since last inspection.

P 1 intact.
P 2,3,4 slightly eroded by
limnoria on ends; sides slightly
attacked near ends.

All slightly eroded by limnoria
on ends. P 5 also on sides next
to end. p e ditto p 5 but
slightly worse.

All slightly eroded by limnoria
on ends; sides intact.

All slightly eroded by limnoria.
on ends; sides have merest
traces.

All slightly eroded on ends. On
sides attack confined to line
across specimens where gate had
rubbed against a submerged brace.

All slightly eroded on ends.
Traces only on aides.

All show slight erosion on both
ends and sides.

Erosion on all ends, not severe
but deeper than on preodding. on
aides generally light but deeper

Station C. Crockett. Calif. Teredo only bcrer active at this station.
Specimen Date ~ ~~"

—

NO; Treatment Placed. Condition 10-12-26

P 17
18
19
20

21
22
23
24

25
26
27
28

29
30
31
32

Coke oven oils dup-
licating B 4 in iden-
tical order

Coke oven oils dup-
licating B 5 in iden-
tical order

Vertical retort oils
duplicating B6 in iden-
tical order

Vertical retort oils
duplioaling B 7 in *

identical order

1922

1922

This gate lost as was
reported at time, of pre-
vious inspection.

At time of previous in^
spection chains support-
ing gates C 5, C 6 & C 7
were in poor condition.
The Sugar Company promised
to replace these chains
immediately, but evidently
did not do so as all these
gates were missing. The
water at this point is too
deep to permit the recovery
of these gates. .
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Summary

The following briefly summaries the results obtained thus far in the

tests

:

High boiling coal tar creosotes and heavy absorptions have given the

best results. High boiling water gas tar and water gas tar creosotes, and
mixtures of coal tar creosote and coal tar have given good results for the

absorptions obtained.

Limnoria appear to be able to attack heavily creosoted wood much
sooner than the shipworm. However, the latter borer generally destroys
untreated wood and specimens treated with the less effective preservatives.

This is possibly on account of greater activity of the shipworm when it

is able to secure a foothold in the timber.

In these tests the following materials have been of little value in

protecting against borer attack

:

Low boiling fractions of coal tar creosote.

Low boiling water gas tar products.

Hardwood tar.

Crude oil.

Crude oil containing copper.

Timber asphalt.

Zinc chloride and crude oil.

Spirittine.

Crude ferric acetate.

Paraffine alone.

Paraffine containing copper iodide.

Paraffine containing arsenious iodide.

Copper carbonate solution.

Dry poisonous salts placed in holes bored along the axis
of the specimen.

Copper and steel nails driven into untreated wood.

COMMITTEE EXPERIMENTS
In 1922 a series of test specimens were prepared with the co-operation

of the Barrett Company for testing the resistance of creosotes of various

types. Two types of creosote were used, one distilled from tar produced

in a vertical retort with a high acid, low napthalene composition, and the

other from a coke oven tar with a low acid, high napthalene content. An
experimental creosote was then made up using, in each case, three of the

four fractions and test specimens treated, yellow pine by the Rueping

process and fir by the full cell process. A full description of this work
will be found on pages 145-148 "Marine Structures; Their Deterioration

and Preservation."

The results of the inspections of October 11 and 12, 1926, follow:

1926 REPORT ON TEST PILES

Old Creosoted Piles Redriven at Various Pacific Coast Points*

The following tables, 1-A to 1-D, give the 1926 condition of four sets

of test piles driven in 1919 and 1920 at Seattle, Tiburon in San Francisco

Bay, San Pedro and San Diego. Each set originally consisted of seven

piles, including the following:

•Note.—For description of these old piles see Proc, A. R. E. A., Vol. 23:959; 1922.
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3—Old creosoted fir piles originally driven in 1890 Table 1-A
1—Old creosote fir pile originally driven in 1901 Table 1-B
2—New freshly creosoted fir piles Table 1-C
1—New untreated fir pile Table 1-D

The untreated piles were destroyed in three or four years as shown in

Table 1-D, leaving six piles in each set.

The set at San Diego was exposed for test by the Atchison, Topeka
& Santa Fe Railway in their wharf No. 63, until this wharf was disman-

tled in July of 1925. After being repaired they were redriven by the

Southern Pacific Company at Long Beach, California, and the test

continued.

TEST PILES

Table 1-A

Creosoted Fir Piles From Southern Pacific Company Old Long Wharf
Dock "A," Oakland. Originally Driven in 1890. Pulled in 1919
and Redriven Elsewhere. Exposed to Marine Borer Attack
Thirty-six Years to Date.

Redriven for Test 1926 Inspection

Mark Date Railroad Location Remarks Borers

A- 6 1920 N. P. Ry. Co. Seattle No attack to date
A- 8 1920 N. P. Rv. Co. Seattle No attack to date

A-32 1920 N. P. Ry. Co. Seattle No attack to date
A-19 1919 N. W. P. R. R. Co, Tiburon* No attack to date

A-28 1919 N. W. P. R. R. Co. Tiburon* No attack to date

A-29 1919 N. W. P. R. R. Co. Tiburon* No attack to date

A- 5 1919 S. P. Co. San Pedro Slight Limnoria
erosion in 3

spots. Limnoria
a\-20 1919 S. P. Co. San Pedro Slight Limnoria

erosion. Limnoria
A-34 1919 S. P. Co. San Pedro Slight

_
Limnoria

erosion. Limnoria
A- 2 1920 A. T. S. F. Ry. San Diego Pulled, 1925.

A- 2 1925 S. P. Co. Long Beach Holes attacked by
Limnoria re-

paired 1925 and
attack stopped,
no further at-

tack to date. Limnoria
A- 7 1920 A. T. S. F. Ry. San Diego Pulled, 1925.

A- 7 1925 S. P. Co. Long Beach Holes attacked by
Limnoria re-

paired 1925 and
attack stopped,
no further at-

tack to date. Limnoria
A-33 1920 A. T. S. F. Ry. San Diego Pulled, 1925.

A-33 1925 S. P. Co. Long Beach Holes attacked by
Limnoria re-

paired 1925 and
attack stopped,

no further at-

tack to date. Limnoria
*San Francisco Bay.
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TEST PILES

Table 1-B

Creosoted Fir Piles From Southern Pacific Company Old Long Wharf
Dock "E," Oakland. Originally Driven in 1901. Pulled in 1919

and Redriven Elsewhere. Exposed to Marine Borer Attack
Twenty-five Years to Date.

Redriven for Test 1926 Inspection

Mark Date Railroad Location Remarks Borers

E-46 1920 N. P. Ry. Co.
E-42 1919 N. W. P. Ry.

E-38 1919 S. P. Co.
E-50 1920 A. T. S. F. Ry.
E-50 1925 S. P. Co.

*San Francisco Bay.

Seattle

Tiburon*

San
San

Pedro
Diego

Long Beach

TEST PILES

Table 1-C—

No attack to date.

Two holes at-

tacked by Lim-
noria repaired

in 1924; no fur-

ther attack to

date.

No attack to date.

Pulled in 1925.

Old scorings by
Limnoria re-

paired in 1925;
no further at-

tack to date.

Limnoria

Limnoria

Freshly Creosoted Fir Piles, Exposed to Marine Borer Attack Six
Years to Date

Driven for Test 1926 Inspection

Remarks Borers

No attack to date

Shows Teredos in

3 small checks
below low tide. Teredo

No attack to date

No attack to date

No attack to date

No attack to date

Pulled, 1925.

Holes attacked by
Limnoria re-

paired 1925 and
attack stopped

;

no further at-

tack to date. Limnoria
Pulled, 1925.

Holes attacked by
Limnoria re-

paired in 1925.

Attack stopped;
no further at-

tack to date. Limnoria

Mark Date Railroad Location

A7 1920 N. P. Ry. Co.
48 1920 N. P. Ry. Co.

43 1919 N. W. P. R. R.
44 1919 N. W. P. R. R.

40 1919 S. P. Co.
41 1919 S. P. Co.

SI 1920 A, T. S. F.

51 1925 S. P. Co.

52 1920 A. T. S. F. Ry.
52 1925 S. P. Co.

Seattle

Seattle

Tiburon*
Tiburon*
San Pedro
San Pedro
San Diego
Long Beach

San Diego
Long Beach
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Appendix E

(5) TREATMENT WITH CREOSOTE AND PETROLEUM

R. S. Belcher, Chairman, Sub-Committee; C. F. Ford, E. B. Fulks, Galen

Wood, W. H. Kirkbride, L. J. Reiser, T. H. Strate, G. C. Stephenson,

F. C. Shepherd, O. C. Steinmayer, Dr. Hermann von Schrenk, J. H.

Waterman.

There have been no particular developments during tl*e past year.

The performance of test ties covered by previous reports is being care-

fully watched and future reports will be made to the Association as fast

as anv additional information is available.

Appendix F

(6) TREATMENT WITH ZINC CHLORIDE AND PETRO-
LEUM

R. S. Belcher, Chairman, Sub-Committee ; C. F. Ford, E. B. Fulks, Galen

Wood, W. H. Kirkbride, L. J. Reiser, T. H. Strate, G. C. Stephenson,

F. C. Shepherd, O. C. Steinmayer, J. H. Waterman, Dr. Hermann
von Schrenk.

There have been no particular developments during the past year.

The performance of test ties covered by previous reports is being care-

fully watched and future reports will be made to the Association as fast

as any additional information is available.

Appendix G

(7) PREPARATION OF STRUCTURAL MATERIAL BEFORE
TREATMENT

W. H. Kirkbride, Chairman, Sub-Committee; R. S. Belcher, C. S. Burt,

C. F". Ford, E. B. Fulks, R. S. Hubley, G. P. MacLaren, C. W. Osborne,

O. C. Steinmayer, J. W. Williams, Andrew Gibson.

Action Recommended

The Sub-Committee recommends that the revision of Appendix A,

"Wood Preservation" contain two sections, one dealing with the "prepara-

tion of Wood before Treatment with Preservatives" and the other covering

the "Care of Wood after Treatment"; and further for convenience ot

reference all material in the Manual dealing with this portion of the subject

be grouped under the above subjects.
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PREPARATION OF WOOD BEFORE TREATMENT WITH
PRESERVATIVES

Grouping and Stacking

Grouping

1. It is essential that wood should be grouped properly in order that

successful treatment may be obtained. The species, the proportion of heart

wood and sapwood, the condition of the timber with respect to its moisture

content, and, wood structure will determine, in general, this grouping.

(3-921)

2. Pieces of wood of approximately the same size and of approxi-

mately the same period of seasoning should be grouped together
;
green

and seasoned pieces should not be mixed. (2-922)

3. Pine and other coniferous woods should be separated on the basis

of the percentage of heartwood and sapwood. (3-922)

4. Grouping of the pieces by species and families is desirable. From
this it follows that red oak, beech, longleaf pine, loblolly pine, and gum
should be stacked and treated separately. Birch, beech, and hard maples

are examples of the grouping of species which may be stacked and treated

together. (4-922)

Stacking

5. Ties shall be stacked in layers of one or two and seven to ten

(9-922)

Structural Timber

6. Caps, stringers, and other large timbers should be stacked so as to

leave air spaces between adjacent pieces in the same layer and the layers

should be separated by 4 in. by 4 in. strips. (10-922)

Piling

7. Piling should be stacked according to length, using strips 4 in. by

4 in. or saplings of equal size, between each layer. (12-922)

Miscellaneous Lumber

8. Lumber should be segregated according to size and each layer in

a stack separated by strips at least one inch thick, and an air space of one

inch or more left between each piece of lumber in every layer. (11-922)

9. All wood should be piled on treated sills or other non-decaying

material in such manner that, in the case of ties there will be a space of

at least 6 inches between the bottom of the lowest tier and the ground,

and in the case of timbers or piling, a space of at least 12 inches. (7-922)

The space in the seasoning yard under and between the rows of stacks

should be kept free at all times from rotting wood, weeds, and rubbish.

The yard should be drained so that no water can stand under the stacks

or in their immediate vicinity. (8-922)

*NoTE.—Figures in parenthesis at end of sections indicate paragraph, section and
page nuniber in Bulletin 284, now a part of the Manual. Paragraphs not so numbered
are revisions, and require approval for inserting in the Manual.
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The seasoning yard should be so arranged that adjacent stacks of

ties, timber, piling, etc., have an alley-way at least 3 feet wide between

them. (6-922)

Seasoning

10. Wood should not be treated until seasoned. Air seasoning is pre-

ferable, as most woods can be treated best after being air seasoned. If the

material arrives at the plant in a sufficiently seasoned condition, it may be

loaded directly to the trams for treatment but if otherwise, it should be

stacked in the yard for air seasoning. (2-921) (5-922)

Since the rate of seasoning varies with the latitude, time of year, the

exposure, and the climatic peculiarities of the season, it is essential to

establish the seasoning period for each class of wood and for any par-

ticular locality. (13-923)

11. Wood piled for seasoning should be closely watched and not

allowed to over season or deteriorate. No wood should be treated which

does not conform to the requirements of the specifications as to shakes,

checks, etc. (14-923)

12. Wood, which shows signs of checking, should be provided with

"S" irons, bolts, or other devices to prevent further checking, both before

and after treatment. (15-923)

Adzing, Boring, and Framing

13. All adzing, boring, and framing should be done before treatment.

(16-923)

Care of Wood After Treatment

1. It is recommended that timber be allowed to season for at least

60 days after treatment. It should be piled with spacer strips to give

complete air circulation.

In addition to other advantages, the fire hazard is greatly reduced when

treated material is allowed to season about 60 days after treatment. It has

been demonstrated that seasoned creosoted material is more resistant to

fire than either untreated or freshly creosoted material.

Timber

2. In handling treated material, extreme care should be used to avoid

damage to the edges of the timbers or breaking through the portions pene-

trated by the treatment and exposing untreated wood.

The use of peavies, canthooks, timber dogs, pickaroons, lug hooks, or

other pointed tools on treated lumber should be absolutely prohibited.

Creosoted timber piled for seasoning or storage should be sheltered as

much as possible from the direct rays of the sun. Cross sticks should

be placed sufficiently close to prevent long timbers or those of small section

from sagging and becoming crooked, and every care should be taken to

prevent the checking which exposes untreated wood.

The top layer of stacked timbers should be covered with sand or dirt

to the depth of not less than one-half inch as protection from the sun.
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and all grass or rubbish should be cleaned from under and around the

stacked material to lessen the danger from fire.

Piling

3. It is recommended that creosoted piles should not be used with

untreated piles in any structure except under special conditions.

The use of dogs may be employed in rafting piles provided these are

placed within one foot of the head or 4 feet of the point.

Peavies or loading tongs should not be used except within one foot

of the head or 4 feet of the tip. Rope slings should be used for unloading

and handling. Tongs may be used, when confined to the ends as outlined

above, for lifting so that slings may be placed.

A sharp pointed tool should not be used to turn a pile in the gins

of the driver. This can be done with a spud and sling.

Piles should not be bored for staging. For piling driven in water

or with the cut-oflF high above the ground, staging clamps may be used.

These may be made of two flat bars, bent to semi-circles and bolted together

around the pile. A tail turns up at one end of the iron and projects suffi-

ciently to carry the supporting timber on which the staging plank is laid.

When a clamp has been placed loosely around a pile, it is slipped up
to the desired position and broad wooden wedges driven from the under
side and the clamp tightens as the weight comes on it. The wooden
wedges also compensate for variation in the diameter of the piling. Only

a few sizes of clamps are necessary.

All treated pile cut-offs and chamfered tops where the piles project

beyond the caps, should be saturated with hot creosote by repeated appli-

cations, and then daubed with hot asphaltum or a mixture of creosote

and roofing pitch mixed to a vaseline-like consistency, and swabbed in with

a long handled brush. For chamfered tops, it is recommended that a

suitable fabric be imbedded in the hot asphaltum, or roofing pitch and

creosote, and that the outside of this fabric be given an additional coating

of the water proofing material.

Piles should not be adzed to accommodate sway braces. The braces

should be fitted to a surface by filling between the brace and the pile with

treated timber blocks' and using longer bolts where necessary.

Holes bored for drift pins should be 1/16 inch smaller than the

drift. This is not recommended for sway brace bolts, as the thread of the

bolt has a tendency to sliver the pile on the opposite side. Where possible

holes bored in creosoted material should be filled with hot creosote, followed

by a mixture of creosote and roofing pitch.

After the bolt is driven a portion of the pitch creosote mixture should

be placed under the washers at both ends of the bolt which, when the bolt is

tightened, gives a water-tight job under the washers. Pitch can usually

be worked in between the timbers before tightening to give further pro-

tection. With proper care, decay from sway brace bolt holes can be prac-

tically eliminated.
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Any holes that may be made either in top or side surfaces and which

are not used should be plugged with treated material. The plug should

be dipped in creosote and driven to the bottom of the hole. Holes,

abrasions, or checks too large to be plugged should be treated with hot

creosote and filled with the mixture of creosote and roofing pitch. This

may then be protected by sheet copper held in place with copper nails or

by special roofing material, laid with the weather side out and coated

with the pitch mastic on the outside.

Bridge crews handling creosoted piling and other creosoted material

should keep on hand a supply of creosote, bridge cement, or roofing pitch,

saturated fabric, and creosoted shimming and plugging material.

4. Sway Braces

Sway braces should be fitted from the bottom and any cutting to

length found necessary should be at the top. The cut should then be

treated with hot creosote, creosote and bridge cement or roofing pitch and

fabric as necessary to protect it from the weather.

Bridge and Trestle Timbers

5. Creosoted lumber, and particularly long or heavy timbers which

have been framed prior to treatment, should be stacked with special care

to avoid warping or distortion while the material is in storage.

Cross-Ties

6. Care should be exercised in unloading and distributing creosoted

cross-ties in order to avoid splintering the edges and exposing untreated

wood. Any holes bored after treatment and any holes resulting from drawn

spikes should be plugged with creosoted plugs.

Ties should be adjusted to position with tie tongs or a pry and not

hammered. If ties are driven at all, this should be done with a wooden

maul.

When the adzing of creosoted ties is unavoidable, as may happen in

connection with change of rail, care should be taken to cover the adzed

area with at least two applications of hot creosote. The same treatment

should be given to all exposed untreated wood.



1164 Wood Preservation

Appendix H

REPORT ON THE EFFECT OF STEAMING ON WOOD
By Prof. W. K. Hatt, Purdue University

Prefatory

An examination of the standard specifications of the American Rail-

way Engineering Association shows a movement away from the former

processes which have demanded the use of steam in wood preserving proc-

esses. The tendency is to demand seasoned wood, and omit preliminary

steaming.

A review of papers and discussions in the proceedings' of technical

societies brings out the controversial character of the question of the effi-

ciency and effect of steaming. Some practitioners believe the process to

be necessary for treatment of some conditions and species of timbers. While

the weight of evidence is clearly to the effect that the steaming process not

only temporarily, but finally, weakens the wood, yet at times the data are

somewhat confused and uncertain in their indications.

The writer was for a long time intimately concerned with the investi-

gations of the effect of treatment upon the strength of wood, and along

with Dr. von Schrenk carried out a series of tests at the time of the St.

Louis Exposition in 1904, and subsequently, which have been reported in

the technical press and government bulletins. He now has been interested

to take up this question again, and review the available literature to deter-

mine the status of the question of the use of steam as preliminary to the

process of wood preservaotin.

The subject should be considered both from the standpoint of the effi-

ciency of steaming in doing what the process is expected to do, and also

the effect of the process on the physical conditions of the timber as

exhibited by strength manifestations.

The main question is not: will low steam pressures of 20 lb. injure

wood, but what steam pressures are necessary to improve subsequent

absorption and distribution of preservative, and will such steam pressures

injure wood?

Therefore it is necessary in a completely useful investigation to observe

not only the steam pressures and their effect upon the strength, but in

addition to measure the effect of the steam in driving off moisture or other

materials that baffle impregnation.

For instance, it is clear that steaming at 20 lb. for 4 hours has in

some cases lessened the strength of the wood to only a small degree; in

these cases it is clear also that this low pressure has not been of substantial,

if any, advantage. On the other hand, when the pressure of the steam

and duration of the pressure have been large enough to drive off substantial

amounts of moisture, the strength has been largely diminished.
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Just what comes off -the wood, and what amounts, after steam and

vacuum, appears not to haye been measured. It is just this line of investi-

gation that needs extending.

REVIEW OF INVESTIGATIONS

Comment on Tests

In reviewing experiments upon the effect of preservative processes it

is important that the underlying conditions be kept in mind. For instance,

it is well known that saturated steam in the cylinder applied at reasonable

pressure and for ordinary durations will saturate the outer fibers, and the

wood will, therefore, exhibit loss of strength if tested immediately. The

question then is as to the permanence of this weakening. Will the speci-

mens still be weak if allowed to season to the state of the wood before

the treating operations were begun?

Literature contains much theorizing upon the action of steam in heat-

ing the ties and sap "to expel moisture," and "coagulating the albumen,"

and upon the action of a subsequent vacuum in removing water condensed

from the steam, etc., but with few exceptions the correctness of opinions

has not been checked by measurements. Such measurements should deter-

mine whether the limits of safe steam pressures are of substantial advan-

tage in effecting their announced purpose.

Other complicating elements enter into experiments, such as

Degree of Seasoning.

Species of Wood.

Kind of Test.—For instance, the ordinary end compression or bending

test may not serve to detect disaggregation of wood structure as well as

a test in tension at right angles to grain.

The Size of Specimen.—For instance on account of sharp gradients

of temperature or moisture change from exterior to interior internal strains

in large specimens may be more serious than in the case of small laboratory

specimens.

On the other hand, when temperatures exceeding 170° Fahr. are applied

to small pieces for several hours there is a general weakening of the fiber.

In studying a question of this kind, we are confronted as is usual with

two kinds of evidence:

(a) Careful scientific investigations under controlled conditions with

measurements of the effect of all factors, and

(b) The opinions of operators, often conflicting, expressed in dis-

cussions and papers, the value of which, because of absence of fact-finding

surveys, it is difficult to appraise.

(c) A third approach to the problem is to survey the changes in

practice as expressed in specifications, design of treating plants, and prac-

tice in treating operations, in order to arrive at the general conviction of

those responsible for the purchase and use of treated timber. Here we
may need to balance an admitted loss of quality against an economic gain

in service life through more complete impregnation of the treated timber.
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With these comments the preliminary report will present the following

:

(A) Scientific Investigations

—

(1) Published.

(2) Unpublished.

(3) Foreign (apparently none).

Later reports should cover

—

(B) Development of specifications and practice.

(C) Provisions of modern treating plants.

(D) Survey of opinions.

List of Laboratory Investigations Reviewed Below

(1) The first systematic investigation of the effect of wood preserv-

ing processes on the strength and absorption of railway ties was made at

an experimental plant at the St. Louis Exposition in 1904. Dr. von Schrenk

and Dr. W. K. Hatt were in charge, representing the U.S. Forest Service.

This investigation will be discussed later on the basis of the publication,

Circular 39 (revised) of the Forest Service, July 20, 1906.

(1) Review of Investigations at St. Louis Exposition in 1904, pub-

lished in Circular 39, Forest Service (2d Ed.), January, 1908,

by W. K. Hatt.

(2) Review of Investigation of Effect of Treatment on Full Size

Ties, reported in Circular 39 (revised), Forest Service, January,

1908.

(3) Review of Experiments (unpublished) in Forest Products Lab-
oratory, "Second Series," 1915, covered in Progress Reports

2-119-5, May 26, 1915, by E. C. Sparver; 2-119-5, October 27,

1919, by Wilson and Crane.

(4) Review of Tests of Structural Timbers Treated by Commercial
Wood Preserving Processes. Bulletin 286, Forest Service.

(5) Review of Experiments at the Forest Products Laboratory
Conducted in 1912, and reported in Project L-7-1, October 9,

1913, by Wilson and Marquardt, and republished in Bulletin No.

286, September 27, 1915, Dept. Agriculture, by Betts and New-
lin.

(6) Review of Investigation of Effect of Steaming Process on Doug-
las Fir Piles, reported by H. B. MacFarland in Proc. A.R.E.A.,

Vol. 16, 1915, p. 47 (following p. 1192).

(7) Investigation of Treated Southern Pine Timbers, by A. N.

Talbot, reported in Bulletin 41, Eng. Expr. Station, University

of Illinois, December, 1909.

(8) Review of Investigation of Strength of Treated Ties, reported

in Proc. A.R.E.A., June, 1910.

(9) An Account of Various Scattered Tests is found in report of

Committee on Wood Preservation, Proc. A.R.E.A., 1910. Ap-
pendix D lists a collection of tests on treated timbers so far as

then gathered.

(10) A Report dated August 27, 1913, by R. E. Prince in the File B-1

of the Forest Products Laboratory relates tests on Three Red
Oak Ties, steamed for 3 hours at 20 lb. pressure, and subse-

quently seasoned for 2 weeks.
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(11) Review of Investigation to Determine the Effect of Preserva-

tives OF Various Kinds ox Strength of Wood, reported in

Bulletin 145, Forest Service, U.S. Dept. Agriculture, by Weiss

and Teasdale, April 12, 1915.

REVIEW OF EXPERIMENTAL DATA

(1) Review of Investigations at St. Louis Exposition in 1904, pub-

lished in Circular 39, Forest Service (2d Ed.), January, 1908,

by W. K. Hatt.

The plan of the investigation was drawn up by Drs. Hermann von

Schrenk and W. K. Hatt, associated with the Forest Service of the U.S.

Department of Agriculture.

The ties were treated in a small experimental plant in all essentials

similar to those in commercial use. The strength tests were under the

immediate charge of H. D. Hartley, and the treatment was supervised by

Dr. von Schrenk.

In brief, the investigation covered 369 sap Ties of Loblolly Pine from

Texas, green and seasoned; 97 sawed bridge ties, Western Yellow Pine,

partially seasoned ; 10 sawed Loblolly ties from Texas, seasoned.

The preservatives were Creosote and Zinc Chloride, the latter varying

from a 2^/2 per cent solution to a 10 per cent solution.

The processes included Steam from lb. to 100 lb. at durations from

4 to 20 hours ; Vacuum.

The strength of the wood was determined from small matched pieces

cut from ties, tested immediately after treatment, and air dry after season-

ing.

Full size ties were also tested. In all over 6,000 tests were made.

The full details of this investigation are related in Circular 39, and

need not be repeated here.

(I) The results of treatment on loblolly sap pine are summarized

as follows

:

Table No. 1

—

Increase in Weight of Seasoned Ties as Measured Imme-
diately after Treatment. (See Table 10, Circular 39) No Vacuum

Treatment

Cylinder Conditions Gain In
Steaming Weight

Hr. Pressure Per Cent

Steam at

various pressures

Steam for

various periods

Creosote
28 lb. per c. ft.

Zinc Chi.

2.5 per cent

solution

4
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Table No. 2— (II) Gain Weight of Green Loblolly Pine Ties During

Steaming (No P'acuum)

Table II of Circular 39 reports the results as follows:

Ties—Wholly Green—4 Hours' Steaming

Gain or Loss in Weight
Steam Pressure Lb.

None
10 2.13 gain
20

30 0.62 gain
40 1.12 loss

50 0.62 gain
100 7.38 loss

Ties—Green

10

20 8.74 gain
30 7.92 gain
40 5.87 gain

50 5.10 gain

100

Tics—Partly Green

\ 10.87 gain
10

20 8.40 gain
30
40
50 8.63 gain
100

Gain or loss in weight in steam at 20 lb.—Green loblolly pine ties.

Wholly Green
Gain of Weight

Hours in Steam Lb.
1 :

2 2.50

3

4 -

5

6

10 1.00

20 0.63

Green
1 4.25

2

3 10.06

4 8.74

5 15.50

6 16.75

10 9.10

20
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Partially Green
1 8.75

2
3

4 8.40

5 12.36

6
10
20

It is plain that none of the steaming processes had dried the ties.

However the effect of a subsequent vacuum was not determined in

respect to removing the condensed steam, except in certain ties that were

subsequently creosoted. These were abnormal in that at 4 lb. of steam for

20 hours a wholly green tie lost 1 lb. and 2 additional lb. in the vacuimi,

whereas a partly green tie gained 11.25 lb. in the steam and lost 2.63 lb.

in the vacuum (from the steamed weights).

Referring to Table 8, the gain in weight of Douglas Fir sticks after

steaming and vacuum, it is seen that (followed by a vacuum), steaming at

20 lb. for 8 hours did not substantially dry the wood. Indeed 40 lb. at 4

hours or 60 lb. at 2 hours dried the ties to approximately 5 per cent.

In investigation No. 5, of steamed green Longleaf, Shortleaf, and

Douglas Fir, however, there is an indication of the drying effect of a

vacuum following steaming.

Steaming 20 lb. @ 5 hr., 2" x 2" specimens.

Thus

—

Dottglas

Longleaf Shortleaf Fir
Moisture in green control 42.0 107.0 28.6

steam only 50.6 89.5 28.9

steam plus vacuum 82.3 27.4

In this case the final vacuum did not reduce the moisture in these 2" x 2"

specimens sufficiently to dry them below the fiber saturation point.

More measurements are needed to determine just what drying effect a

final vacuum has on treatment. Recorded data are very few.

The Strength Tests on the 2" by 2" specimens cut from the steamed

ties indicate the effect of steam immediately (a) after steaming; (b) after

steam and subsequent air drying; and (c) steaming and then air dried and

resoaking before tests. The tables in Circular 39 report in great detail the

results of this investigation and the following statements are based thereon.

Green Loblolly

(a) Tested Immediately After Steaming
Per Cent of Strength

Remaining
4 hours steam at 30 lb 82.9

4 hours steam at 50 lb 70.4

4 hours steam at 100 lb 53.9

4 hours steam at 20 lb 86.3

6 hours steam at 20 lb 87.0

10 hours steam at 20 lb 772
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. Per Cent of Strength
Remaining

(b) Tested When Air-Dried Subsequent to Steaming
4 hours steam at 20 lb 93.2

4 hours steam at 50 lb 98
The steamed pieces had seasoned to a drier condition and were
stronger (13.5 control against 12.6 steamed and dried.)

(c) Tested When Resoaked After Air Drying
4 hours steam at 20 lb 86.0

4 hours steam at 30 lb 86.6

4 hours steam at 40 lb 78.5

4 hours steam at 50 lb 82.0

Seasoned Loblolly

(a) Tested Immediately After Steaming
Per Cent of Strength

Remaining
4 hours at lb 99.5

4 hours at 50 lb 66.3

It Is Apparent That None of These Steam Pressures Lower Than
20 Lb. for 20 Hours, or Even 50 Lb. for 4 Hours, Had Any Effect in

Reducing the Moisture in the Wood. And at the Pressures Just
Stated the Strength Had Been Reduced in Bending One-third. The
reduction of strength was due to excess moisture. When air dried

subsequently the original strength was practically regained. It may
be said therefore that if the steaming is not effective in reducing

moisture no diminution of strength need be expected.

Information.—The ratio of strength of air seasoned to green speci-

mens 2 in. by 2 in. in size is shown in Bull. 108, Forest Service.

Longleaf Douglas Fir Shortleaf Loblolly
Modulus of rupture 1.27 1.25 1.57 1.19
Crushing endwise 1.24 1.79 1.71

The values for large timbers are as follows

:

Longleaf Douglas Fir Shortleaf Loblolly
Modulus of rupture 1.94 1.06 1.19 1.19
Crushing sidewise 1.01 1.12 ... 1.31

The effect of seasoning large timbers may reduce the strength on
account of development of cracks and checks.

(2) Review of Investigation of Effect of Treatment on Full Size

Ties, reported in Circular 39 (revised) Forest Service, January, 1908.

(A) In addition to the tests of small specimens reported in Circular

39 (Sec. No. 1, page 8), full size ties were broken in bending and tested

for rail bearing and spike holding after treatment and when air-seasoned

subsequent to treatment.

Material.—97 Sawed Bridge Ties of Western Yellow Pine from
New Mexico and Arizona.

Partially Seasoned.—Moisture—16 to 19 per cent.

The ties were greatly non-uniform in quality. The Arizona pine was
of coarse growth, crooked grained and knotty.

Treatment.—With zinc chloride and creosote.

Discussion.—Concordant and significant resuhs might not be expected

from such* material. The results are shown in Table 8 of Circular 39. The
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New Mexico Pine, which was of better quality than the Arizona Pine suf-

fered a loss of strength under the treatment but the Arizona Pine did not.

No conclusions are to be derived from these tests.

(B) 165, 6" by 8" Hewed Loblolly Pine Ties From Texas treated

with steam and tested Full Size after seasoning for 8 months. Ties were

of average grade.

Moisture before treatment 20.0 per cent

Moisture at test Not reported

Weight before treatment 38.4 lb. per cu. ft.

Weight at test
"

Steamed 37.5

Treatment:

(a) Steam: 10 to 50 lb. at 4 hours
20 lb. from 6 to 10 hours

No Vacuum
(b) Those ties that were treated were impregnated with zinc chloride.

Tests included bending, rail bearing and spike holding.

Strength

Table 4—Strength of Full Size Seasoned Loblolly Pine Ties Steamed
and Seasoned Before Test.

(a) Effect of Pressure at Duration of 4 Hours.
Untreated Material = 100 Base
Pressure of Steam 1 Hr.
10—

Modulus rupture 99.2

Compression endwise. 79.3

Compression sidewise. 91.1

Average 89.9

Spike Holding
Screw 118.5

Common 1 10.7

Table 5

(b) Effect of Duration of Steam at 20 Lb.
Untreated Material = Base

Duration Hours
2

Modulus Rupture 82.4

Compression endwise 81.9

Compression sidewise 87.1

Average 83.8

Spike Holding
Screw 97.9

Common 93.7

Discussion—Evidently, as might be expected, the effect of steam on

seasoned loblolly pine ties is to diminish the strength even when tested sea-

soned subsequent to treatment. This series of tests is consistent, and in-

formative. Naturally 50 lb. of steam would be considered excessive, and

the tests show a loss of strength of 31.2 per cent when such pressure was

applied for 4 hours. A loss of strength of 12 per cent appears after a

pressure of 20 lb. for 4 hours.

20—
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The spike holding resistance which depends upon the wood farther

removed from the action of the steam is not affected until a pressure of

30 lb. for 4 hours was reached, or a pressure of 20 lb. for 6 hours.

These results were obtained after the condensed moisture from the

steam had been removed by subsequent seasoning.

Visual Evidence of Action of Steam
Circular 39 comments upon the scorched appearance of the wood, both

in case of 2 in. by 2 in. specimens from steamed green loblolly and in case

of full size sections from steamed seasoned loblolly ties.

The 2 in. by 2 in. specimens from Green Ties taken abcmt one inch

below the surface showed discoloration due to scorching at 40 lb. pres-

sure, at 50 lb. 64 lb, per cent, and at 100 lb. pressure 94 per cent, of the

specimens were scorched. Twenty lb. pressure for 5 hours produced

scorching and 20 lb. for 20 hours scorched all the specimens.

Naturally green ties Full of Sap are protected against the temperature

of the steam, since a temperature in the cylinder of 256° Fahr. produced a

temperature of only 200° to 210° Fahr. inside the ties.

The discs from the Seasoned Loblolly ties showed discoloration to 15

per cent, at 30 lb. pressure for 4 hours, 50 per cent, at 50 lb. for 4 hours,

and 90 per cent at 100 lb. for 4 hours. At 20 lb. steam, the discs showed
discoloration of 38, 30 and 100 per cent, for a duration of 5, 10, and 20

hours respectively.

Vacuum—26 inches or more drawn for one hour.

Strength Compressions—The control specimens and the treated speci-

mens were allowed to season until air dry. The moisture conditions then

were as follows:

Table 7

—

Moisture in Specimens

Douglas Fir Longleaf Pine
Moisture Av. Max. Min. Av. Max. Min.

Green—
Before steaming 36.5 28.8 ... 32.0 21.5
After steaming and

vacuum 33.2 21.8 ... 31.1 14.1

Moisture

—

Air Dry—
Control 13.6 15.2 11.8 14.0 18.3 12.1

Treated 14.6 10.2 ... 15.1 10.8

For comparison the following moisture content may be noted.
From Bulletin 108 Forest Service.

Douglas Fir Longleaf Shortleaf Loblolly
Large pieces

Green 31.5 28.6 39 to 52 46-60
Air seasoned ... ... ...

Pine
Douglas Fir Longleaf Shortleaf Loblolly

Small pieces, Air Dry 9.4 9.2 11 6.5

do green 36.0 39.0 40 42
Shrinkage green to oven dry 12.6 12.3 12.6 12.6

The effect of the Steam and Vacuum in removing moisture and other

ingredients from the green wood is shown thus:
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From Bulletin 556.

Table 8—Loss of Moisture Content

Douglas Fir Longlcaf Pine
Steam Loss of Moisture Per Cent Loss ofMoisture Per Cent
20 lb.

259° Fahr. ^2 0.2

1 0.0

2 0.1 2.7 (gain)

4 0.7 0.0

6 1.8

8 1.3 2.9

40 lb.

286" Fahr. i^ 1.0

1 0.3

2 2.4 2.5

4 5.0 7.4

6 5.3

8 6.0 10.5

60 lb.

307° Fahr. Yz 0.2

1 0.5 (gain)

2 7.4 7.7

4 1.9 8.9

6 12.6

8 12.7

As to the efficiency of steaming and vacuum on these 4 inch by 4 inch

by 4 feet sticks of Douglas Fir and Longleaf Pine, it is apparent that

nothing less than 40 lb. steam at 4 hours, or 60 lb. steam for 2 hours

removed any substantial moisture from the wood. Steamed wood in

general seasons more rapidly than natural wood.

Effect of Steam and Vacuum on Strength of Douglas Fir and Longleaf

Pine

Since there are differences in the moisture content and specific gravity

of the control and treated pieces (both air dried for five months), it is nec-

essary to use established laws to adjust the results to a common moisture

content and a common specific gravity. Such adjusting factors are found

in Bulletin 556, and the comparisons of strength are based upon a uniform

specific gravity of 0.560 and following uniform moisture contents :

Douglas Fir Longleaf
Static bending 13 14

Compression parallel 12 13

Compression perpendicular 10 13
Hardness 10 13

The most significant tests as follows

:

Modulus of Rupture as indicating static strength.

Total Work required to rupture as indicating brittleness at same- degree

of seasoning, but a green specimen on account of its greater flexibility

cannot be compared to a dry specimen.
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Compression Perpendicular to Grain as indicating surface conditions.

The comparison of strength of air dried control and steamed specimens

are thus shown in per cent values Tables 9 and 10.

It is plain from Tables 9 and 10 that the weakening effect of steam
and vacuum

(a) Was permanent even after the specimens had been air dried.

(b) That at pressures and times that produce substantial benefit

in steam seasoning there was a permanent loss of quality of approxi-

mately one-half in the case of Douglas Fir, and of one-fifth in case of

Longleaf Pine. Pressures of 20 lb. of steam for 4 hours were not effective,

and even these reduced the strength from 30 per cent in Douglas Fir, but

had no effect on the strength of Longleaf. At 20 lb. for 8 hours, Douglas.

Fir suffered a loss of 44 per cent and Longleaf practically no loss. Any
steam pressure followed by vacuum that was effective in seasoning

(that is 40 lb. for 4 hours as a minimum) was accompanied by a very

substantial loss of strength—^nearly ^^ for Douglas Fir, and 1/5 for

Longleaf.

Table 9

—

Effect of Steam Pressure on Strength (all durations averaged)

Control ^= 100 base
Douglas Fir Longleaf

Mod. Compr. Mod. Ccmpr.
Pressure Rtipt. Work I Av. Rupt. Work I A v.

20 85.8 73 68.7 79.2 105.5 107 94.2 102.3

40 71.3 59.0 64.6 64.9 79.2 59.6 69.1 69.3

60 59.7 39 70.9 56.5 69.4 64.0 71.8 68.4

At 40 for 4 hr. 51.8 50 59.3 53.7 86.8 64.0 90.0 80.3

At 60 for 2 hr. 46.8 25 64.8 44.5 78.0 87.0 71.8 78.9

Table 10

—

Effect of Duration of Steam (all pressures averaged)
Species Time

1 hr. 2 hr. 4 hr. 6 hr. 8 hr.

Douglas Fir
Mod. Rupt 90 70 60 60 60
Work 75 58 50 40 40
Compr. I 90 65 48 — 43
Average 82 64 53 50 48

Longleaf
Mod. Rupt 90 — — 85 80
Work 86 — — 72 70
Compr. I 85 — — 90 68
Average 87 — — 82 73

(4) Review of Tests of Structural Timbers Treated by Commercial
Wood Preserving Processes.

Reported in Bulletin 286, U.S. Dept. Agriculture, by Betts and Newlin,

September 27, 1915.

These tests were made by the Forest Service in cooperation with the

Illinois Central Railway to determine the effect of treatment upon bridge
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stringers. The species were Douglas Fir tested at the Forest Service Sta-

tion at the University of Washington, and Lx)blolly and Longleaf at Purdue

University, Lafayette, Ind.

Specimens—
(1) Wood, Dogulas Fir, Loblolly, and Longleaf Pine.

(2) Size 8 inch by 16 inch by 27 ft.

(3) Condition—Part treated as received; part treated and sea-

soned.

(4) Extent—20 Longleaf, 20 Loblolly, 108 Douglas Fir stringers.

(5) Control—Stringers sorted in pairs, butt or top noted. Control

not treated.

(6) Origin—Cut from logs.

(7) Moisture—The Longleaf and Loblolly were received at the

treating plant about 5 months after sawing from the log,

and then received at the laboratory one month after

treatment.

Table 11

—

Moisture in Pine Stringers—Per cent

Natural Treated

Longleaf Loblolly Longleaf Loblolly

Partially Air Dry Moisture 27.6 35.7 26.2 49.4

Air Dry Moisture 19.0 18.2 21.8 23.8

The Douglas Fir was shipped to the treating plant a few days after

sawing, and treated a few days after receipt.

Table 11a

—

Moisture in Douglas Fir Stringers—Per cent

Boiling Process Natural Treated
Green 33.6 28.5

Air Dry 15.3 19.5

Steaming Process
Green 37.5 33.0

It is evident that the treated sticks seasoned more slowly and contained

when air dry, more moisture than the control sticks that were not treated.

The account of pieces treated 8 inch by 16 inch by 14 ft. was

—

Longleaf and Loblolly

5 of each treated partially air dry and tested.

5 of each tested partially air dry.

5 of each treated partially air dry, seasoned ajiid tested.

5 of each seasoned and tested.

Douglas Fir—Boiling Process
20 treated green and tested.

20 tested green.

19 treated green, seasoned and tested.

19 seasoned and tested.

15 treated green and tested.

15 tested green.
— treated green, air seasoned and tested

— seasoned and tested.
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Table 12

—

Treatment of Stringers

Absorption Steam Vacuum Creosote Vacuum
Lb Cu. Ft. Species Lb. Hr. In.. Hr. Lb. Time Temp. In. Hr.
Uy-i Loblolly 29 4 26 1 125 AVz 140° 23^ J4

123^ Longleaf 30 6 26 1 128 5^ 140° None
11.2(*) Douglas Fir Zero2l54 215° Lost 1.2

Boiling Then in 5H 190° Lb. C. Ft.

145 in boiling

3.1 (t) Steaming 90 45^20 IS^^ to 2j4 208° ..

325° Fahr. 140

(*) From tank readings,

(t) From weight of stringers.

Discussion of Results—These tests are too few for general statements.

Only one kind of test, the bending test, was applied. Care was taken to

compare strength of treated butts with untreated butts.

Loblolly Pine—Fig. 3 of Bulletin indicates that the entire process

weakened the timber to about 17 per cent.

The Table 13 exhibits the main results.

Table 13

—

Effect of Treatment on Bridge Stringers

Treated Results Where Natural = 100 Base
Per Cent

Moisture Mod. Rupt. N-=100
Longleaf NT NT T
(1) Treated partially air dry and

test immediately 27.6 26.2 5151 5132 99

(2) Treated partially air dry,

seasoned 19.0 21.8 6466 6376 98

Loblolly

Treated partially air dry 35.7 49.4 4858 4150 86

Treated partially air dry and
seasoned 18.2 23.8 6392 5380 84

Douglas Fir
Boiling Process

Treated green 33.6 28.5 5690 3820 67

Treated green and seasoned.. 15.3 19.5 6240 3860 60

Steaming Process
Treated green 37.5 33.0 5430 3540 65

(5) Review of Experiments at the Forest Products Laboratory Con-
ducted in 1912, and reported in Project L-7-1, October 9, 1913, by
Wilson and Marquardt, and republished in Bulletin 286, September 27,

1915, Dept. Agriculture, by Betts and Newlin.
Specimens

Wood—Longleaf, shortleaf, Douglas fir.

Size—2" X 2" x 4'.

Condition—Longleaf and Douglas fir heartwood, shortleaf.

6 of 8 sapwood unseasoned.
Tested both immediately and after seasoning.

Origin—Logs.
Extent—5 treatments with 8 specimens each of shortleaf and Douglas

fir.

3 treatments with 4 specimens each of longleaf.

Control—Matched specimens.

One-half of steamed specimens in treatment No. 1 and 2

were tested immediattly. Remaining specimens both control

and treated seasoned for 5 months before testing.
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The specimens were few—only 8 specimens in each treatment. Six of

8 shortleaf were sapwood. Only 4 for an average in case of longleaf.

The full table of tests will be found on following pages.

Therefore only 4 specimens were tested in any one condition, i.e., green

or air dry. Results may therefore be expected to be erratic. The values in

the table are not adjusted for difference of moisture. Thus a difference

of moisture of longleaf is 9.6 to 1^ for air dry control and air dry steamed

;

for Douglas fir 8.9 to 7.3, for shortleaf 9.1 to 8.0. The results on steamed

specimens should be multiplied on the average by 0.90 for comparison.

With this reduction the average of the four strengths of the species

is shown as follows

:

Effect of steam: Processes 1 and 2 averaged and adjusted for mois-

ture differences.

Table No. 14

—

Unsteamed Control Specimens = 100 base

Unseasoned
Species Tested Immediately Air Dry at Test

Longleaf 88 75

Douglas Fir 63 75

Shortleaf _76_ _94
Average 76 81

In this investigation a particular!}- searching test was made pulling

the wood apart by a tension force perpendicular to the grain, whereby

any weakening of the cohesion would be evident. Under such a test the

following results occurred

:

Strength in Tension Perpendicul.\r to the Grain of Steamed Wood
AT 20 Lb. Steam Pressure.

Table No. 15

—

Unsteamed Wood = 100 base

Unseasoned
Species Tested Immediately Air Dry at Test

Longleaf 42 47
Douglas Fir 55 66
Shortleaf 70 77

It is plainly evident that even a moderate steaming of 20 lb. for 5

hours has reduced the quality of the wood, and that the weakness persisted

on subsequent air drying.

While the data at the writer's disposal does not show the loss or gain

of moisture in these specimens during the steam bath, yet we may reason

from the shrinkage measurements as reported in Bulletin 286.

(1) The average shrinkage of Douglas Fir and shortleaf pine during

treatment with No Vacuum was 0.23 per cent.

(2) The average shrinkage of Douglas Fir and shortleaf pine during

treatment with vacuum was 0.66 per cent.

(3) The average shrinkage of Douglas Fir and shortleaf pine air

dried after treatment no vacuum as in (1) was 13.5 per cent.

(4) The average shrinkage of Douglas Fir and shortleaf pine air

dried after treatment with vacuum as in (2) 8.82 per cent.
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(5) The average shrinkage of untreated material 6.84 per cent.

The average shrinkage of wood from green to oven dry is 12.6 per

cent, and from green to air dry is . . . per cent.

One may conclude from shrinkage measurements that the steaming

which reduced the strength in this case was not sufficient substantially to

dry the wood.

This conclusion is reinforced by statement on page 12 which shows the

moisture in these sticks as reported in manuscript at Forest Products

Laboratory.

Process No. 1 : Steam at 20 lb. pressure for 5 hours.

Process No. 2: Steam plus vacuum of 26 inches for one hour.

(6) REVIEW OF INVESTIGATION OF EFFECT OF STEAMING
PROCESS ON DOUGLAS FIR PILES—Reported by H. B. Mac-

Farland in Proc. A.R.E.A. Vol. 16, 1915, p. 47 (following p. 1192).

Tests of the effect of the boiling process on Douglas Fir having shown

a pronounced loss of strength, the effect of the steaming process was
examined.

Origin

The logs had been cut 3 to 6 months previous and taken from salt

water just before treatment, which lasted from May 7 to 13, 1913. Then
the piles were shipped by boat and rail to Topeka, Kansas, where they

were piled out of doors, and exposed to the sun during hot weather

(temperature 110 to 120° Fahr.) until July 19-August 13, when tests were

started. The extreme variations in moisture content are thus accounted

for. The piles may be listed as air-dry at the time of test. No doubt this

exposure had checked the piles considerably.

Material

Twenty logs, 12 in. to 18 in. in butt diameter and length, 40 to 60

ft. From each log two specimens, each 15 feet long, were cut for test.

Ten specimens were given 18 hours' treatment and ten others 26 hours'

treatment, that is, 3 hours steam and 9 hours steam respectively at about

90 lb. Alternate butts and tops were treated. Sapwood was deeper than

on average material running from J^ to 2^ inches. The bark was

removed prior to treatment. The treated specimens averaged 757 lb. in

weight and the untreated 584 lb. Logs were wet as coming from water.

(3) Review of Experiments (unpubHshed) in Forest Products Lab-

oratory, "second series," 1915, covered in Progress Reports 2-119-5, May
26, 1915, by E. C. Sparver; 2-119-5, October 27, 1919, by Wilson and Crane.

The elements are as follows

:

Specimens

(1) Wood: Longleaf pine and Douglas Fir.

(2) Size : 4 in. by 4 in. by 4 ft.

(3) Condition: Treated, green, tested when air dry for 5 months.
(4) Extent: Douglas Fir, 72 spec.

Longleaf pine, 13 spec.

(5) Control: Treated matched with control spec.

3 specimens for an average of each run.
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Thus the steam treatment had reduced the strength to 64.7 of its

untreated value.

The author states that the original defects had been accentuated by the

treatment; checks and cracks enlarged; the cohesion of the annual growth

rings lessened. It is not clear, however, that some of these may not have

arisen during the seasoning subsequent to treatment.

When the results are analyzed to determine the relative effect of the

18 hours and 26 hours treatment, differing in respect to steaming (a) for

3 and (b) for 9 hours we find the following.

Table 18

—

Moisture in Treated Sticks Air Dry

Untreated Treated
Per Cent Per Cent

(a) 3 hours' steam 12.6 15.7

(b) 9 hours' steam 14.8 17.9

Note: Moisture in

Douglas Fir Stringers

Bulletin 286
Green 33.6

Air Dry 15.3

Either the steam had loaded the specimens with additional moisture or

else the treated specimens had seasoned more slowly.

Table 19

—

Comparison of 3 Hr. and 9 Hr. Steam at 90 Lb.

Not Treated 3 Hours' Steam 9 Hours' Steam
Value Per Cent Value Per Cent Value Per Cent

Modulus of Rupture.... 7028 100 4380 63 3735 53

Compression endwise .:. 3563 100 2705 76 2486 69
Compression sidewise ..1007 100 715 71 660 66
Average per cent 100 70 63

It thus appears that there was a progressive weakening with con-

tinuation of steam at 330° Fahr.

In this same investigation smaller pieces were sawed from the tested

pile and then tested for strength with the following results

:

Table 20

—

Effect of Steaming on Specimens 5 x 5 x 50 Inches, Cut
FROM Seasoned and Tested Douglas Fir Piles

Treated Untreated
Av. Max. Min. Av. Max. Min.

Moisture per cent 16.5 24.7 9.97 15 20.5 10

Modulus rupture 4842 6440 2880 6150 7030 4450
Compression endwise.... 2781 3330 2005 4137 4925 3498
Compression sidewise.... 327 503 215 692 907 422

Table 20a

—

In Percentage Values Untreated= 100 Base

Modulus rupture 79
Compression endwise 68
Compression sidewise 48
Average 65

That is, the minor specimens taken from treated piles had only 65

per cent of the strength of the minor specimens taken from untreated

piles.
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By reference to the investigation No. 4, on Douglas Fir (Bulletin 286)

it will be seen that steaming had reduced the strength of stringers to 65

per cent of their untreated value.

Collecting the various tables found above in the MacFarland investiga-

tion we find

:

( 1 ) That 3 hours' steaming at 330° Fahr. had reduced the s';rength

of Douglas fir piling, when tested in an air dry condition by. .30%
(2) That 9 hours' steaming by 27%
(3) That minor specimens cut from these treated piles showed a

loss of 35%
(7) Investigation of Treated Southern Pine Timbers By A. N. Talbot

reported in Bulletin 41, Eng. Expr. Station, University of Illinois,

December, 1909.

Six groups of seasoned Bridge Stringers were tested, of which groups

C and D included treated and untreated shortleaf and loblolly pine.

Table 21

Seasoning Seasoning after

at Treatment Treatment Treatment
No. Moist

Species Pieces Months at Test Months Steam Vac.
Ser

Ser:

Ser

Ser

Ser

Ser

Ser

Ser

es C Shortleaf
untreated 4 12

es C Shortleaf 8 10 .... 2 4J^ Hr. 24.5"

treated 35 Lb. 170° 2 Hr.
es C Loblolly

untreated 4 12

es C Loblolly

creosoted 8 10 2
" "

es D Loblolly

untreated 8 6 26.9
es D Loblolly

creosoted 6 2 42.5 7 5 Hr. 24"

es D Loblolly

untreated 6 6 34.0 7

cs D Loblolly

creosoted 6 2 38 .

1

7

30 Lb. 2Hr.

Tests : Stringers tested full size in bending.
Minor test pieces in bending and shear.

Table 22—Results of Strength Tests (from Table 14 of Bulletin)

Full Size.

Series C—Modulus of Rupture.

Modulus of Rupture
Untreated Treated

Shortleaf (av.) 4886 4078
Loblolly 4936 3446

Series D—Loblolly Pine.

Modulus of Rupture Moisture
Untreated Treated Natural Treated

Full Size

Average 4090 4748 35.4 40.3

Maximum 5740 6080
Minimum 2530 2660

Seasoned 6 months 2 months
Minor Beams 6035 6210
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Discussion—On account of obvious variation in quality of stringers

and other differences in seasoning the tests may not be expected to throw

light upon the effect of seasoning and treatment. The effect of steaming

will certainly not be isolated.

The treated shortleaf stringers were weaker than the untreated ; while

the treated loblolly were stronger. However, the author of the Bulletin

remarks that the creosoted loblolly stringers were of better quality to begin

with.

A special series of tests was made on several stringers which were cut

up at the mill to 4 in. by 4 in. by 42 in. in size, alternate pieces were creo-

soted. The creosoted pieces had been cut about 3 months at the time of

treatment and the untreated pieces about 12 months at the time of test.

The steamed and creosoted beam averaged 22 per cent lower in modulus

of rupture than the untreated.

(8) Review of Investigation of Strength of Treated Ties, reported

in Proc, A.R.E.A., June, 1910.

This investigation did not examine the effect of steaming alone, but the

effect of the entire process of preservation.

Material

Ties were cut in two, and one-half treated; the remaining half tested.

Species: Red Oak, Loblolly Pine, Shortleaf Pine, Longleaf Pine, Red

Gum.

Process Species
Burnett Red Oak
Lowry Red Oak
Rueping Loblolly, Shortleaf, Longleaf, Red Oak, Red Gum
Full Cell as in Rueping
Crude Oil Loblolly, Shortleaf, Red Gum.

Results are based on data from 750 half ties.

Discussion—Only one process, the Burnett, on seasoned Red Oak used

steam, which was applied at 20 lb. for 1 hr. As a negative statement it

may be said that no one of the processes that omitted steam had lessened

the strength of the wood substantially.

(9) An Account of Various Scattered Tests is found in report of

Committee on Wood Pceservation, Proc .A.R.E.A., 1910, Appendix D, lists

a collection of tests on treated timbers so far as then gathered.

The experiments show pronounced losses in some cases and practically

none in others, but the information is not generally subject to analysis to

isolate the factors involved, especially steaming.

(10) A Report dated August 27, 1913, by R. E. Prince in the File B-1

of the Forest Products Laboratory relates tests on Three Red Oak Ties,

steamed for 3 hours at 20 lb. pressure, and subsequently seasoned for

two weeks.

It was found that the capacity to withstand the bearing pressure of a

rail plate was reduced by the steaming 17 per cent.

(11) Review of Investigation to determine the Effect of Preservatives

of Various Kinds on Strength of Wood, reported in Bulletin 145,
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Forest Service, U.S. Dept. Agriculture, by Weiss and Teasdale, April

12, 1915.

The efficiency of some thirty different preserving fluids was investigated,

and particularly their effect upon the strength of the wood. No steam was

used.

Materl^l—Thoroughly seasoned Western Hemlock clear and straight

grained.

Test pieces 12 in. by 26 in. by lJ/2 in. cut up into smaller pieces for

the bending test.

Discussion—All of the preserving oils, viz., the products of coal tar,

wood tars, water-gas tars and crude petroleum produced no appreciable

weakening of strength in the wood. Water soluble preservatives caused a

slight weakening in the wood (12-15 per cent), but there was more moisture

in the preserved pieces, so that the effect might be considered of no great

importance.

Summary Table

Of the investigations yielding strength values showing the effect of steam-
ing we have the follo»wing accounting

Result of Tests
Per Cent of Strength

Size Steam Tested Tested After
No



1184 Wood Preservation

by a simple calculation on the basis of steam tables. Such tables state the

amount of heat required to evaporate a pound of water from various degrees

of temperature—that is they state the latent heat. For instance, it takes

970.4 heat units to evaporate one pound of water from 212° Fahr,

The following calculations* will show the number of heat units in a

cubic foot of wood at the temperature of the steam, these heat units then

being available for evaporating the water in the wood. A comparison of

these heat units with the amount required to evaporate a pound of water

from a free surface will indicate the futility of the steaming process from

the standpoint of drying the wood in the cylinder.

Assume a cubic foot of wood = 60 lb.

Containing water — 28 lb.

Containing wood — 32 lb.

The situation is

:

(1) The steam is admitted to a cylinder containing wood until the

wood has the temperature of steam. (Note the interior of the wood will

not arrive at this temperature, but for the calculation the entire mass of

wood will be assumed at this temperature.)

(2) The steam is blown off and the heat in the wood will evaporate

the water, beginning just as the pressure of the steam is reduced, and

continuing until the temperature is down to 212° Fahr.

(3) A vacuum is applied of 24 inches and further evaporation takes

place as the temperature of the wood falls. We will assume that the

evaporation continues until the temperature of the wood is 140° Fahr.

(Note: The calculations assume evaporation as from a free surface.

Actually the water in the wood experiences resistance in moving from the

cells. It moves from a moist interior to a dry surface slowly. There will

be a "moisture gradient" as well as a "temperature gradient.")

The moisture in the wood is composed of sap water. In the sap there

are small percentages of organic and mineral matter. In the sapwood

these are principally sugars contained in the water ; in the heartwood tannins,

coloring matter, etc. But the moisture is almost entirely water and will

be so considered.

The drying effect will be less than the results computed below because

of (1) lack of free surface; (2) less drop in temperature than that com-

puted, and (3) the actual increase in moisture in practical operation due to

condensation.

Assumptions
No loss of heat by radiation.

Wood offers no resistance to flow of heat from center to outside surface

of the wood.

Steam escapes as a saturated steam of 100 per cent quality.

Specific heat of wood = 0.33.

•The author is indebted to Professor L. V. Ludy, Professor of Experimental Engi-
neering at Purdue University, for checking these calculations.
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For wood and water at 20 lb. (gage) pressure, and 259° Fahr.

temperature ; heat in wood above 32 deg. Fahr. = 32 X (259— 32) X 0.33=
2397 B.t.u.; heat in water above 32 deg. Fahr. = 28 X (259— 32) = 6356

B.t.u.

Total heat in wood and water above 32 deg. Fahr. = 2397 plus 6356=
8753 B.t.u.

Heat in wood at temperature of 140 deg. Fahr. corresponding to a

vacuum of 24 in. = 32 (140— 32) X 0.33 = 1140 B.t.u.

Heat in water left in wood= (28— X) (140— 32) or 3024— 108X where

X equals the water e\'aporated by the process.

Total heat left in wood is therefore 1140 plus 3024— 108x or 4164—
108X.

One pound of water evaporating at 20 lb. pressure removes (259— 32)

plus 940= 1167 B.t.u.

One pound of water evaporating at 24 in. vacuum (140— 32) plus 1013

=1121 B.tu.

Moisture carried away by one pound on the average is therefore

1167 plus 1121 ,,^^„
^ = 1144 B.t.u.

8753— (4164— 108X)
-^
~

1144

or
1 144X — 108X = 8753— 4164

1036 X = 4589

4589
X = = 4.43 lb. of water removed.

1036

Corresponding figures for 30 lb. initial pressure and 275° Fahr. tem-
perature are

Heat in wood and water above 32 deg. Fahr. = (32 x 0.33 plus 28) 243

= 9370.

Heat in wood and water remaining after vacuum is as above.

(32 X 0.33 plus (28— X) 108 = 4164— 108X.

X=9370— (4164— 108X)

1146

1146X — 108X = 5206

X = 5206/1038= 5.02 lb. of water removed.

For 50 lb. initial steam pressure and 300° Fahr. temperature

:

Heat in wood and water above 32 deg. Fahr. = (32x0.33 plus 28) 268

= 10334.

Heat in wood and water remaining after vacuum = 4164— 108X,

X =
10334— (4164— 108X)

1149

1149— 108X = 6170

X = 6170/1041 = 5.93 lb. of water removed.
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The final results may be tabulated as follows

:

Of the 28 lb. of water in one cubic foot of wood

nitial Steam



REPORT OF COMMITTEE XXIV—CO-OPERATIVE
RELATIONS WITH UNIVERSITIES

Robert H. Ford, Chairman; Edwin B. Katte, Vice-Chairman;
R. N. Begien, C H. Mitchell,
W. C. Gushing, C. A. Morse,
J. M. R. Fairbairn, G. J. Ray,
W. D. Faucette, Henry E. Rigos,
F. W. Green, H. R. Safford.
E. T. HowsoN, Geo. F. Swain,
MiLoS. Ketchum, F.L. Thompson,

Committee.

To the American Railway Enginccrincj Association:

The scope of the activities of the Committee is as follows

:

(1) A greater interest upon the part of railroad officers in assisting

the universities to develop the best possible methods for the technical

courses.

(2) A better means of bringing to the universities the results of

our deliberations, where such can be made of value to them.

(3) A better means of bringing to the attention of the railroads the

benefits of a technical education, thereby acquainting them with the quali-

fications of graduates of these courses for initial service in subordinate

positions, and at the same time providing material from which men may
be drawTi for higher positions as they demonstrate their fitness.

(4) A means of stimulating a greater interest in the science of trans-

portation among engineering students who may be inclined toward this

branch of industry.

(5) A m.eans whereby the facilities of the universities may be made

more directly available for the research work of the Association by co-

operative effort between their laboratories and the committees of the

Association.

(6) A means whereby the universities may be better enabled to edu-

cate the students and the public regarding the value of transportation to

the nation as a whole.

(7) A means of stimulating a greater interest among university

officials in the study of transportation and economics and impressing them

with the importance of experienced men for such teaching.

Action Recommended

No final action is recommended this year.

Recommendations for Future Work

Continue along the line of present activity.

The Committee are able to report that considerable progress of a

constructive character has been made during the year. The problems upon

which your Committee are working are comprehensive and far reaching

Bulletin 29S, March. 1927.
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in character, and in conformity with policies heretofore adopted, it is felt

that conservatism should be the index of any conclusions reached by this

Committee in the belief that by so doing, more and better progress will

ultimately be obtained.

During the past three years, there has been under consideration some

form of survey by which, among other things, more precise information

may be secured regarding the needs of the railroads for college-trained

men and that such a survey should follow as far as practicable somewhat

along the lines that have been found desirable in other forms of industrial

activity. The determination of the scope and character of such a survey

has not been easy of solution because of outstanding differences between

transportation and other forms of industry. In considering these prob-

lems, the Committee has called to its aid representatives of many industrial

bodies and leading authorities throughout the country, including some rail-

way executives, especially familiar with the objectives which are sought.

The adopted form of questionnaire will be found on the succeeding

page. It is proposed that this should be sent to representative roads during

the year and the data collected from this survey will be used in further

study by the Committee.

Respectfully submitted,

The Committee on Co-operative Relations With Universities,

Robert H. Ford, Chairman.
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Questionnaire on the Employment and Training of College Graduates

in Railway Service

1. How many college-trained men are employed on your road?

Percent of
Number total force

(a) Transportation Department
(b) Engineering Department
(c) Mechanical Department
(d) Electrical Department
(e) Traffic Department
( f ) Legal Department
(g) Accounting Department
(h) Other Departments

2. How many of these men are holding official positions of or above the

rank of Division Engineer, Trainmaster, Master Mechanic or similar

rank?
3. What advancement are these men making, as indicated by the records

of those now in your service?

(a) Approximate average starting salary

(b) Salary at end of 5 years railroad service (average of men)

(c) Salary at end of 10 years railroad service (average of men)

(d) Salary at end of 15 years railroad service (average of men)

4. What percentage of the college graduates which you have employed

do your records show as having left your service in the first five

years ?

5. How many college graduates are you enrolling in your service annually
and what is their approximate distribution between your major depart-

ments ?

Percent of
Number total force

(a) Transportation Department
(b) Engineering Department
(c) Mechanical Department
(d) Electrical Department
(e) Traffic Department
(f ) Legal Department
(g) Accounting Department
(h) Other Departments

6. Are you securing these men from those making application, or are

special efforts made to select picked men? If the latter, please give
details

7. What additional opportunity for progressive development do you offer

these young men after they enter your service ?

8. Wherein have you found college-trained men deficient ?

9. What measures, if any, do you think the railways should take other

than those which are now in effect to draw and hold more college-

trained men in service ?

Railroad Company
(Signed)
(Title)

Date.
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C. B. Bronson, Paul M. LaBach,
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^
J. E. Willoughby,

Committee.
To the American Railway Engineering Association:

The Special Committee on Stresses in Track, cooperating with a similar

committee of the American Society of Civil Engineers and the American

Railway Association, presents the following report of progress

:

During 1926 the investigation of the rail joint was continued. Progress

was made in the study of the manner in which the joint acts in carrying

loads and taking bending moments and thus in determining the various

demands made upon splice bars under conditions of track service. The

distribution of stresses in the splice bar and in the rail at the joint, the

characteristics of the flexural action for different forms of splice bar, and

the effect of varying conditions in the joint such as the tension of the bolts

and the fit of the splice bar to the rail were included. Attention was given

to the values of the magnitude of the bending moments found to be de-

veloped in the splice bars as compared with the bending moments developed

in the full rail at points away from the joint under similar conditions of

track and loading. Observations were made on the variations in the bend-

ing moments developed in the rail from joint to joint in track under

apparently similar conditions and the relative depressions of the track at

different points at and between joints under similar conditions of load.

The amotmt of experimental data collected is large. The results show

the exceeding complexity of the problem of the analysis of the action of

the rail joint under load, which compels care in the presentation of the

material.

Field tests were conducted on the track of the New York Central

Railroad at Utica, New York, and the Delaware, Lackawanna and Western

Railroad at Dover, New Jersey. The rail was 105-lb., 127-lb. and 130-lb.

Loads of 125,000 lb. on a four-wheel truck of a freight car were applied

and also lighter loads. Measurements were made of strains at gage lines

on the splice bars and rails. The track was tested under the conditions

found in service, though, of course, the conditions varied from point to

point. It is believed that the track and its variations were fairly repre-

sentative.

Much time has been spent on reducing data and preparing material.

It had been expected that a full report of the work would be ready for

presentation at this time. The complications of problem and data made

this impracticable. Work on the material collected is progressing and a

report will be presented at as early a date as is found practicable.

Respectfully submitted,

The Special Committee on Stresses in Railroad Track,

By a. N. Talbot, Chairman.

Bulletin 295, March, 1927.
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ECONOMICS OF RAILWAY TRACK
By James M. Farrin, Special Engineer, Illinois Central Railroad

A railway track is a difficult structure to analyze, exposed as it is to

exigencies of soil and climate stretching over thousands of miles of terri-

tory and composed of three such unheterogeneous materials as steel, wood

and rock. Analysis applied to such a structure must of necessity be based

on average conditions and its results should only be applied to any par-

ticular track as judgment and experience dictate. For a number of years

Engineers have realized that the track structure taken as a whole has lagged

behind what it should have been to perform its work economically and

safely, the reason for this condition being lack of definite information as

to just what it costs not to have a track makeup consistent with the traffic

being carried.

With a view of determining as accurately as possible how a railway

track is affected when the rail, ties or ballast are changed, a study was made

of these component parts and diagrams constructed showing how the track

as a whole is affected by changing any of its makeup parts. In the dis-

cussion that follows only that part of the track above the subgrade is

considered, as this is usually the only part that can be altered or changed

to suit traffic conditions.

A railroad track has two major qualifications which it must possess

—

first, girder strength to carry safely the wheel loads, and, second, ability

to distribute these loads over the subgrade. The girder action is provided

by the rails, while the distribution of load to subgrade is performed by

the ties and ballast. It is apparent therefore that the stability and safety of

a railroad track depends upon the unit stress in the rails and the unit bearing

on the subgrade. Just in what proportion each of these affects the structure

as a whole is difficult to determine, but it is well known that high stress

in the rails causes broken rails and high bearing values on the subgrade

results in track being out of surface, both of which caused accidents and

increased maintenance costs. It is therefore necessary to know both the

stress in the rail per square inch and the bearing on the subgrade in tons

per square foot caused by a given set of wheel loads for different track

makeups.

In order to get the stress in the rail and bearing on the subgrade use

was made of the formulas developed by A.R.E.A. Special Committee on
"Stresses in Railroad Track," of which Prof. A. N. Talbot is Chairman,

and which have been published in the Proceedings of the Association from
time to time. Both stress and bearing were computed for various track

combinations for 2-10-2 type of engine running 50 miles per hour having

loads and wheel spacings as shown on Qiart No. 1.

(Written discussions are invited.')
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Chart No. 2 is a diagrammatic representation showing how pressure is

distributed under the tie, and is taken from Prof. Talbot's report. This

diagram was made from data obtained in laboratory tests of track sections

and it is assumed that action in the field will be practically the same. It

is to be noted from Fig. 2 that pressure becomes evenly dis-

tributed at 21 inches below bottom of tie. As the function of ballast is to

distribute the load equally it is therefore apparent that ballast in excess

of say 24 inches below tie is unnecessary and wasteful. This condition is

practically true for other tie spaces within reasonable limits.

Chart No. 3 shows rail depression under a Mikado locomotive standing

still. This diagram is from Prof. Talbot's tests and is given to show that

the track depression is fairly uniform under a group of wheels spaced not

over six feet apart and that it averages about Vz inch for weights given.

Chart No. 4 shows tie reactions for Mikado locomotive standing still.

This diagram is also from Prof. Talbot's tests and is given to show loads

that each tie carries. It is also to be noted that when wheels are grouped

as are drivers of a locomotive that the reactions of all the ties included

between the end drivers are practically equal. For the 2-10-2 engine for

which bearing was figured it was assumed that driver loads would be

distributed over 17 ties with 85-lb. rail, which would give a load of 17,200

lb. per tie.

Chart No. 5 is taken from Prof. Talbot's tests and shows how the

bending moment is affected by increasing size of rail. This diagram was

used in proportioning load carried by each tie as rail was varied, the theory

being that as rail becomes stiffer it distributes the load over more ties and

consequently the load per tie is lessened which in turn reduces the unit

bearing on the subgrade. For this discussion it was assumed that the load

per tie would vary as the ratio of the bending moment coefficients as given

by Chart No. 5.

Chart No. 6 shows how impact on subgrade is affected as depth of bal-

last varies. It was assumed that at base of tie impact would be 100 per cent

of the load on the tie and that this would be dissipated uniformly as depth of

ballast increased, being per cent of the load when ballast reached depth of

36 inches below tie. This means that with ballast 6 inches deep the impact

effect on subgrade is 83-1/3 per cent, if 12 inches deep 66-2/3; if 18 inches

deep 50 per cent, etc.

The tests made by Prof. Talbot, while very numerous, did not include

all the different track combinations, and as the formulas developed by him

for both bending moment and track depression contain a constant whose

value represents the stiffness of track structure being considered, it is neces-

sary that this constant be known for every track combination before the

formulas can be applied. This constant is defined as the "Modulus of

Elasticity of Rail Support," or the number of pounds per linear inch of

rail necessary to depress the track structure one inch and is designated as

"U" in the formulas. Fortunately the bending moment in the formula

developed by Prof. Talbot varies inversely as the fourth root of this "U,"
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so its effect on the stress in the rail is comparatively small. In order to get

values of "U" for different combinations of track, the values as determined

by the tests were plotted and as there were sufficient of these to get the

slopes of the lines, the remaining were put in by interpolation. The result

of this is shown in Chart No. 7, from which one is able to obtain value

of "U" for any given track makeup. It will be noticed that all values of

"U" fall between 1000 and 2000. This chart is not absolutely accurate, but

is accurate enough for all practical purposes.

Chart No. 8 shows distribution of pressure on subgrade for various

depths of ballast, the value shown thereon being determined as follows: As
explained for Chart No. 4 the driver load for the 2-10-2 engine used was as-

sumed at 17,200 lb. per tie for 85-lb. rail, to which 100 per cent impact was

added to get total tie load. This load per tie was assumed to be uniformly

distributed over the tie at its base, but the pressure in the ballast caused by

this load is not uniformly distributed but was computed for its maximum in-

tensity by formula developed by Prof. Talbot on page 804, Volume 21,

A.R.E.A. Proceedings. This formula was developed for 6 by 8 tie, and in this

discussion it is assumed that it would be the same for a 7 by 9 tie, the only

difference between the two ties being a smaller unit load per square inch

for the larger tie. Changing size of rail affects load per tie, and this was

proportioned as explained under Chart No. 5. Chart No. 8 was made by

plotting those results obtained by tests which were available, passing curves

through them and interpolating for other combinations. By means of this

chart maximum bearing in tons per square foot on the subgrade can be

determined at once for the different track combinations. It is to be noted

that the minimum pressure is 0.35 tons while the maximum is 5 tons per

square foot. Absolute accuracy is not claimed for this chart but it is

believed to be accurate enough for all practical purposes.

Chart No. 9 shows how stress in rails varies with "U" and also how
the different rails compare with each other on the same roadbed. It is to

be noted that curves for all rails are practically parallel ; that there is a

sharp break in the curves when value of "U" falls below 1200. Above

value of 1200 a 35 per cent increase in "U" produces only a decrease of

2000 lb. in rail stress. It is also worth noting that 90 lb. is the lightest rail

that should be used with heavy power and this only with a stiff roadbed

having a value of "U" equal to 1600 or better. To those interested Chart

No. 7 will give the track makeup to obtain this value. The track makeups

noted at left of chart are a few of the values that were determined by

tests. The stresses shown on this chart were computed by formula as

developed by Prof. Talbot for Illinois Central 2-10-2 engines running 50

miles per hour. This speed is excessive for freight service, but was used

to make it comparable with high speeds used in passenger service with heavy

mountain type engines.

Chart No. 10 was made from preceding charts and shows stress in rail

at base in pounds per square inch and maximum bearing on subgrade in

tons per square foot for various track makeups. This diagram shows at
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once how changing each component part of the track structure affects the

structure as a whole, and it is to be noted that changing size of rail has

very little effect on bearing and that depth of ballast has very little to do

with stress in rail and that size of tie has very little influence on either.

The conclusion to be drawn is to increase depth of ballast to reduce bearing

on subgrade and increase size of rail to reduce stress. There are several

important features that this diagram brings out, one of which is the marked

effect of the 3-inch ballast increments on bearing between 6-inch depth and

12-inch depth and its lessening effect after this latter depth ; another is

that no heavy traffic track should fall outside of the lower left-hand

rectangle as indicated by the heavy lines, which means that 100 lb. is the

lightest rail and 12 inches the least depth of ballast that should be used.

Note how the track combinations are grouped by their rail sizes, which

makes it easy to compare them relatively to each other. For instance, the

110-lb. group on 12 inches of ballast has an average stress of 27,000 lb. and a

bearing of 1.5 tons per square foot while the 90-lb. group has a stress of

about 33,500 lb. and a bearing of about the same as the 110 lb. Its stress is

therefore lowered about 20 per cent, which may be taken as the comparative

difference between the two rails as far as stress is concerned. Used in this

way an Engineer can determine how much better rail he wants and by means

of this diagram easily figure what rail group to use. Likewise depth of bal-

last can be determined in the same way.

By means of the foregoing charts the characteristics of track com-

binations have been shown separately, but in order to use them practically

to the best advantage it is necessary that some method be devised whereby

the effect of stress in rail and bearing on subgrade can be combined to give

a total effect on the track structure. Practically this means—how is track

maintenance affected by stress in rail and how by bearing on subgrade? A
number of methods were tried, but they always ran into difficulties until

Chart No. 11 was developed. This chart, called "Track Rating Diagram,"

was made as follows: The lowest stress in the heaviest rail (1361b. Lehigh)

is 19,300 lb. per square inch, which was taken as 100 per cent and it was
assumed if a stress of 60,000 lb. existed the rail would be no good or

per cent. Intermediate values were assumed to vary uniformly on a straight

line. Likewise for pressure it was found the maximum pressure for 6

inches of ballast, 85 lb. rail and 6 by 8 by 8 foot tie was 5 tons per square

foot and the lowest 0.35 tons for 24 inches of ballast, 136 lb. rail and 7 by 9

by 9 foot tie. Accordingly 5 tons were taken as per cent for bearing

and 0.35 tons as 100 per cent and intermediate values computed from

preceding charts, resulting in curve as shown. Attention is called to form

of this curve, as its curvature up to 40 per cent is such that it weights the

value, thus giving more importance to bearing, which is as it should be, as

excessive maintenance is caused more from high bearing on track than from

high stress in rail below the elastic limit. The idea of this chart is to rate

every track combination in terms of a 100 per cent track, which for purposes

of this discussion was taken as 136 lb. rail on 7 by 9 by 9 foot tie on 24
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inches of rock ballast. The directions on Chart No. 11 show how any

given track can be rated in terms of the 100 per cent track. The idea in

rating tracks is to find out how much a track of a given per cent costs

and how its maintenance varies with traffic, both of which will be developed

in succeeding charts.

Chart No. 12 was made by means of the preceding charts and shows

track rating for any given makeup of track by means of stepped hatched

line, and for information cost per mile of the track structure is plotted in

horizontal hatched line immediately opposite. By means of this chart track

rating and cost can be obtained at a glance, and the Engineer or Executive

can compare tracks of dififerent makeups either directly or relatively.

Chart No. 13 shows how costs of the track structure vary with the

track per cent showing that roughly each 10 per cent increase of track per

cent costs $2,000 per mile. These costs are based on 1924 prices, creosoted

ties being used. The shaded area is used as the same per cent can be made

up of different track combinations which differ in value.

Having now analyzed the track structure so that it can be rated in

terms of a 100 per cent track, the next step is tO' see how a track of a

given makeup stands up under traffic and how much maintenance it requires.

Accordingly a study was made of I.C.C. reports for 103 railroads for

three-year period—1921, 1922 and 1923. Chart No. 14 shows result of this

study before rating the various tracks. In Chart No. 14 man-hours of

section labor per equated track mile per year is plotted against traffic density

per mile per day for these 103 railroads, the heavy black line representing

the average while the individual road is represented by a dot. Twenty-five

per cent of section labor reported was arbitrarily deducted from the reports

to allow for work the section labor does which is not strictly track and

roadway maintenance, such as A and B, etc. Note that section labor

expended increases 60 man-hours per equated track mile per 1,000 gross

ton miles per day per mile. Equated track mile is explained on the chart.

Note that traffic density and section labor is average for the system, as

figures for congested districts were not available.

Chart No. 14 shows section labor expended without any attention being

paid to quality of track used, so in order to compare section labor expended

with traffic carried on tracks of different makeups a letter was addressed

to the Chief Engineer of each of the 103 railroads asking him to give the

average makeup of his track for the period 1921, 1922 and 1923. Seventy-

two replies were received and each track was rated by means of Chart No.

12 and the section labor per equated track mile plotted against traffic density

for tracks of different per cents. Chart No. 15 shows this study by means

of which man-hours of section labor per equated track mile can be seen

and compared with other track makeups. This diagram is not given as

being absolutely correct, as not enough data was available to make it so

but it is believed to be fairly representative.

Everyone is interested in costs, and in the final analysis this is the

element that governs. Accordingly Chart No. 16 was prepared to show the
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most economical track to have to carry certain traffic densities. To make

this diagram section labor of Chart No. 15 was converted to money at 35

cents per hour to which was added interest at 5 per cent and depreciation

at 5 per cent of cost of each track structure, the total of these three items

being the annual cost to own and maintain the track structure per year.

These values were plotted for each track per cent against traffic density

and curves passed through them. With these curves plotted the lowest

curve represents the most economical track, so the curve shown in heavy

line was passed through these low points and this curve represents what

track is most economical for a given traffic density, and to facilitate its

use both the track per cent and a makeup of track to give this approximate

percentage is given opposite the traffic density for which it is to be used.

As in the case of the other charts, absolute accuracy is not claimed for

this chart but it is believed to be approximately correct.

These charts are published at this time with the idea and hope that

interest may be awakened in track analysis which will result in more

accurate data being accumulated so that the charts can be corrected and

made more representative. In closing, attention is again called to the fact

that all the charts have been computed for the same engine and that results

of the different track combinations may be compared directly with each

other. This allows the diagrams to be used in a relative manner to deter-

mine how given makeups compare with each other.
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Various Track Combinations Expressed in Terms of 100 Per Cent
Track and Costs of Same*

100 Per Cent Track = 7" by 9" by 9' 0" Tie on 24 Inches Ballast with

136-Lb. Rail



s





r^ 04

007 - NlW^'il)



Cost Dou/iRs Ps/i Year D£f/^fCMTm S'A p£^ Tj^jtcAcMae.

.

1
. , r I

,
r ^

8^- 6i8'S
'-

4'BiiLUii\Z,% ^ t

8i'(,<S,6&' "25^

'IO'-StS>S-(;,' Baliust 30%

b

<]o'i<8.8- I'fl/lUfliT 35/

to'-i'SiS- /2' B/iui>sj 40i

'k>'^.8,aiJi'BAiL/>iT isi

' i.a'6'/S' B/>ii.i>sr s4

90' C'3' 8'- lii'StilAiT ssi

9o'- e^8/8'- /8'Sui*ST eoi

/00'7^f^S' /S' B/tLlAST QSi

^oo- /"f'lf'i' /s^s^msr loi

IIO'- 7' 9/S^-/S'3/iiiA3T isi

//O'. 7''f'^-6''-/H''3'tUAST 8o'/.

//<?' 7'<r'S'er 2/'3^iuir
ssi

127'. 7r f xS-'C^ 2l''B/>lMST fO%

127' V/'juS-e-' 2f Ballast fS'4

\ I

^ 2

.^ 5

^ 3^ ^ ^

ISi'- 7/fyf/^* 2^/'3^LLAir

I S



DISCUSSION OF PROGRESS REPORT ON
PASSENGER STATIONS

By J. P. Snow, Consulting Engineer

The question touched upon in the discussion of last year's report on

this subject, whether or not a union station is preferable to several stations

at a given location, depends on local conditions, prominent among which are

the facilities at hand for carrying passengers about the city and its suburbs

by electric cars. Towns without such facilities need union stations if there

are two or more railways entering it if it is reasonably practicable to

bring them to a common point.

Communities provided with electric lines, particularly if the central

business section is served by a rapid transit system interchanging properly

with surface lines at points in the suburbs, may well consider a dispersal

of stations in the interests of the community at large, the steam railway

and electric railway corporations and the individual passengers themselves.

Assuming for discussion a city with several incoming lines of railways

and having at present one, two or more stations near the heart of the place

and which are more or less obsolete so that a rearrangement is being

considered : Shall we recommend a single union station or several separate

ones? The case is a little stronger for a union station if the city is a

terminal for railways, like a great ocean seaport, than if an inland city

which may be a way station for most of the lines. Let us assume our

city is of the strictly terminal class.

Among the factors to be considered in deciding the problem are the

following

:

(1) Whatever may have been true when railways were first built, it is

certainly the case now that steam railways are not the best means for

delivering passengers to their desired destinations in great cities.

(2) Suburban passenger transportation is no longer a proper or eco-

nomical function for -steam railways.

(3) The desired destination of but very few of the passengers on a

train is within walking distance of a terminal station. Cabs or other means

must be employed to complete the journey.

(4) It is not in line with broad public economy nor with normal civic

development to occupy the great areas necessary for union passenger sta-

tions and their appoirtenances near the heart of great cities.

(5) As stated by Mr. Ripley at the 1926 annual meeting, highway traffic

is now such that a mile or more of distance to or from a station is not the

handicap it was in horse-carriage days.

(6) The broad lanes required for railway tracks contiguous to a great

station are serious, if not vital, impediments to the normal growth of a city's

business.

(7) Whenever stations are located near a city's business center, the yard

and auxiliary space required is restricted to the smallest limits practicable,

resulting in great inconvenience as well as expensive operation.

1212
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(8) Great advantage would result both from financial and operating

viewpoints if such areas, where existing, could be sold and more ample

spaces acquired in the suburbs.

A properly designed rapid transit system, which is a part of a com-

prehensive street railway corporation owning both rapid transit and sur-

face lines covering the whole city and its suburbs and having enclosed

stations where free interchange between rapid transit and surface traffic

occurs, supplemented with busses where the traffic does not warrant laying

tracks for electric cars, is the ideal agency at present to collect and dis-

tribute passengers for steam railway trains.

Obviously, if a steam railway station was established in connection

with one of these suburban stations, passengers could reach any point in

the city or its suburbs promptly by a trip on the electric system and con-

versely they could reach the trains readily from any point by the same means.

If so located the space for station and yards could be more ample and

require far less capital investment than if near the business center and the

city's natural development would not be marred and hindered as is now the

case with union stations in many cities.

The above line of reasoning leads to the dispersion and multiplication

of stations rather than the customary tendency to unify them. The argu-

ment rests on the theorem that the recent development of passenger transpor-

tation has rendered steam railways obsolete in the business of distributing

passengers to final destination in large cities ; hence the conclusion that

steam railways and electric systems should co-operate in the passenger

transportation business, the former doing the long-haul work and the latter

the distribution to destination. The natural and best transfer point will then

be at terminals of rapid transit lines where connections are made with

surface routes. If now the steam roads can arrange their tracks so as to

operate on loops at these terminals with the rapid transit lines in subways

underneath, or on elevated structures if the railway terminal is electrified,

their operation will be much cheaper and more expeditious than is possible

under the usual dead-end system.



STARTING POINTS*

The American Railway Engineering Association, which I have the

honor of representing at this convention, was organized by, and the active

membership at present consists largely of. Chief Engineers and other

officers of the principal steam railroads of North America. We pioneered

in the field of safety for many years before any specific safety organization

was effected. It has ever been the duty of the civil engineering profession

to protect their men, their structures, their equipment, their machines and

the public with all possible safeguards.

We are strong for organized safety. We know the difficulties, we are

familiar with the inertia to be overcome. We deeply appreciate the great

strides made to this end by the National Safety Council, by your officers and

by your members. We desire to afiford, by every means within our

power, such assistance as you judge appropriate to further the objects for

which this Council stands. Our "Manual of Recommended Practice" in-

cludes safety rules which form the result of the labors of our members and

our Committee on Rules and Organization extending over a series of years,

during which the best thought of supervisory officers, of railroad executives,

and of the writers of railroad rules for employees were collected, reviewed,

reconciled, revised, combined and finally adopted as standard.

The "Rules" are prefaced by a general notice. Our "General Notice"

to Maintenance of Way Employees reads as follows

:

"To enter or remain in the service is an assurance of willing-

ness to obey the rules.

"Obedience to the rules is essential to the safety of passengers

and employees, and to the protection of property.

"The service demands the faithful, intelligent and courteous

discharge of duty.

"To obtain promotion, capacity must be shown for greater

responsibility.

"Employees, in accepting employment, assume its risks."

To this list of precepts, the Michigan Central Railroad Company, with

which I am employed, adds this specific warning by way of emphasis

:

"When in doubt, employees must take the safe side and run

no risk."

Having been employed in forming* this Michigan Central Rule Book

many years ago I learned to respect that last extraordinary warning

—

written so forcefully by the late Colonel Webb, then Chief Engineer, that

no employee could mistake its meaning nor doubt its intent. It leaves the

heedless no excuse.

•Address delivered before the Annual Congress of the National Safety Council by
E. R. Lewis, Principal Assistant Engineer, Michigan Central Railroad, Detroit, Octo-

ber 25, 1926.
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The 1925 Proceedings of tiie Steam Railroad Section presented at the

National Safety Council Convention in Cleveland last autumn are so replete

with valuable matter relating to Safety that the ground seems admirably

and exhaustively covered. Improvement and standardization of safety

devices are attracting the necessary attention. I judge that in so far as the

human element is concerned—and it seems responsible for some 90 per cent

of our accidents—the chief problem now confronting this Council consists

of ways and means of impressing on all the people the precepts of thf

gospel of self-preservation. Since self-preservation is the first law of

nature, the assignment sounds perfectly easy. As a matter of fact, it is

quite the opposite. We have progressed greatly, yet we may well adopt

the motto of that great British empire builder, Cecil Rhodes, "So Little

Done, So Much to Do."

As a member of the American Railway Engineering Association, not

altogether familiar with all that has gone before in the deliberations of

the Steam Railroad Section of the National Safety Council, may I ask

your indulgence for the presentation of two thoughts, born of our experience

in and out of committee work and closely related to safety :

First, we are handicapped in steam railroad educational circles by two

conditions, the foremost affecting the present personnel ; the other affecting

the prospective employee. Railroad employees are busy men and women.

They have many exacting duties to perform with the ultimate object of sell-

ing transportation. They must think fast and work fast. Most of them must

at the same time fight the clock and the weather, for schedules are schedules.

They must see and hear and remember and remedy many things, under

many conditions. They must protect the company's interests and deal with

the public. You who drive automobiles (and who does not in this auto-

motive age) well know that no driver is a safe or a good driver who does

not keep his eyes on the road and his mind on his job. No good driver

is a safe driver who drives when he is impatient, or nervous, or overtired, or

in any but a calm yet alert and normal condition of mind and body. If

you really and properly drive a car you will see and think meanwhile of

little or nothing outside the driving limits.

Many railroad accidents are due, I believe, to lack of concentration on

safety; due to the employee considering other duties and problems while

in charge of a hand or motor car or other moving vehicle or machine.

There are many other accidents attributable to the employee's lack of power

of mental concentration. No person is safe who cannot, who has not

learned to, or will not pursue always the least dangerous course with his

whole mentality focused on the danger to be avoided. The individual must

be awakened to the absolute necessity of exerting his will to concentrate

before he can be educated. The first requirement of salesmanship is to

get the attention of the prospect. Our problem is, then, to impress safety,

preferably in some attractive manner, on the attention of the people.

The other handicap, affecting both the employer and the prospective

employee, is lax method or absence of adequate means of employee selec-

tion. It is becoming harder every year to "hire and fire" employees. This
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probably is as it should be. An impersonal attitude on the part of the

employer is likely to be interpreted as an affront by the employee, and is

to be avoided if possible. The trend toward the co-partnership viewpoint

comes nearer that Justice on which this world was founded and endures.

Because men cannot now and should not be indiscriminately discharged with

or without cause, we should be very particular as to whom we hire and

how we hire them. Employers preferably should have special means for

the examination of applicants for all positions and such means should be

used to select employees only after a strict measuring up to standard re-

quirements, physical, mental and moral.

Once on the payroll, the employee should not be lost sight of by the

employing examiner. He should be made to feel, without any inference of

espionage, that having entered the service with a clean bill of health, it is

up to him individually to retain that state of being, for the employer's

benefit as well as his own and that of his fellow-workers. By example

and precept he should in like manner educate his family in safety. Selec-

tion then is our most efficient safeguard, with education of employees made

easier because the selected worker is more readily impressed with safety

teaching, having the intelligence to understand its importance.

Most of the technical societies have recognized the value of instituting

student chapters and of seeking in various ways the co-operation of college

and university authorities to interest the youth of the land in the technical

activities of their elders with a view to acquiring student membership.

This trend suggests the second thought I would leave with you, namely

:

educate the young people to practice safety.

I would go farther back than the university, farther than the college,

the high school or the common school. I believe that the way to get the

best results from teaching safety is to reach the infant class. By the time

a child is old enough to go to kindergarten alone, he or she should have

the precepts of the safety primer by heart and should be drilled in the

practical rudiments of resisting danger. A child so schooled will make

the safest and best railroad employee.

There are various organizations through which a great deal has been

and is being done along these lines for boys and girls, notably the Boy

Scouts and the Campfire Girls, which cannot be too highly commended. The

self-sacrifice of the scout masters and others of the volunteer officers

of these universal training corps is most commendable : for they sacrifice

not only time but their personal funds in many cases, for transportation of

troops, and many other incidentals. Boys are eligible as scouts at the

age of twelve. The training is, of course, moral, mental and physical. It

is of inestimable benefit to the youth of the land, our future men and women

of affairs. But the Boy Scouts and the Campfire Girls are of an inter-

mediate grade. An applicant must have had certain preliminary teaching to

be or to want to be a Scout. It is this early training of children that you

and I through the mothers and fathers and teachers of Ameriac must func-

tion to obtain the greatest safety results. We forget less of what we learn
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in childhood than thereafter. Details fade, but principles inculcated in early

youth endure through life. Consider, my friends. The extent of good in

this project is illimitable. Children trained to be safe citizens, observing,

careful, methodical, efficient, honest
;

physical, mentally and morally alert

and upstanding. It would indeed be a pleasure to select railroad employees

from such promising material.

What a glorious objective and how sure of attainment, if you, the

members of this section and of other sections and kindred organizations

will only put this thought across to the entire people and keep it before

them. An assignment which means diligence and perseverance, unremitting

toil in the face of apathy and obstacles ; but which is sure to meet with

less opposition than most great movements and just as certain to be among

the greatest, because no one can doubt that it will be of greatest good to

mankind. This, gentlemen, is our opportunity. What are you, what are

we, going to do about it? Let us plan well our campaign and carry on,

for the future safety of transportation and of the millions of patrons who

depend on its services.
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DISCUSSION ON RECORDS AND ACCOUNTS
(For Report, see pages 65-72.)

Mr. J. H. Hande (Baltimore & Ohio) :—Mr. President and Fellow-

Members: I presume from the inspection of our report you have come to

the conclusion that we have departed a little bit from the usual custom,

which we have. We have two things to talk about, the Manual and our

convention procedure.

The thing that impelled us to take up these subjects in this unusual

way was the fact that we were asked to prepare our copy for the new
Manual. The course of least resistance for us was to take our material

and revamp it and get it in shape in the easiest way possible. The other

alternative was to question whether the material we had was adequate or

not and to go a step further and find out whether the entire Manual was,

in our opinion, adequate. That is biting of? quite a bit.

It seems to us that the Manual and our other printed matter is the

only evidence that we have to offer as to progress of the Association. If

our Manual is defective it must arise from the convention procedure. If

the convention procedure is unsatisfactory, it must have its effect on the

Manual. That there has been something wrong has been generally acknowl-

edged for several years. It has come to the point where the technical

press has called it to our attention, and as noted in our report, we quote

the article in the Railway Age of October, 1926, pointing out the condition

which they seem to think requires correction. This particular editorial

quoted a disinterested spectator in these words : "Constructive criticism was
relatively slight. A vast amount of varied information was included in

the reports presented, but much of it was simply accepted without remark."

Of course there will be a difference of opinion as to how much discus-

sion is necessary. Considering the two kinds of reports that are read,

we have the reports for the Manual, as a basis for Manual material, and

the reports for information. It is particularly with regard to the Manual

reports that we wish to speak.

We feel that we are not getting an expression of opinion from those

of our membership in each particular specialty who are qualified to pass on

the material that we offer for the Manual, and which is presented and

passed upon here. The question with us was how to draw out the discussion

or the opinon of the qualified members, and we felt the only way to do

that, after considering all phases of it, was through the sectional meeting

plan. We have outlined that plan in Bulletin No. 295, where we have a

supplemental report following page 1190; or, if you haven't the Bulletin,

some of my enterprising colleagues have distributed a copy of that supple-

ment on the chairs.

Our plan, briefly, is to divide up the meeting into three separate rooms

and to segregate in each room the allied subjects, in room one, "Track"

subjects ; in room two, "Structures" subjects ; and in room three, what

might be called "Economics and General" subjects. In that way we hope
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to gather in each one of these rooms the men who are interested in the

particular subjects assigned to that room. Just what we hope to accomplish

we have set out on page 71 of our report: "The pressure of time limit

will be relieved. Each committee can have several hours instead of a frac-

tion of an hour. The assembling in a separate meeting of that portion of

our membership really interested in a subject will give a tremendous

boost to interest in producing reports of the highest standard. The atmos-

phere in a smaller meeting room will be a great deal more congenial, and

the tongues of the hesitating members should loosen up materially. We
will get their ideas and suggestions and our final output will be a great deal

more representative of the combined opinion of that section of the mem-
bership really qualified to express an opinion."

We have corresponded a great deal with our fellow-members about

this plan in order to find out what were the principal objections. They,

generally, were of two classes : First, that you come here for general

information and entertainment ; and, second, that a sectional plan will bring

up simultaneously two subjects in which you might be interested and this

would interfere with your participating in the discussion of one of them.

As to the first of these objections, the ground for that probably is

the feeling that our Association deals with railway engineering and

that this is a field in itself. That it is not made up like the work of the

American Society of Civil Engineers, for example, which has a number of

special branches. I think we can take exception to that. We now have

in our work not only railway engineering as we understand it, but electrical

engineering. We have a greater diversity of craft in this Association

than there is in the American Society. A further reason for this objection

is that the men who are growing in the profession must be prepared with

a general knowledge of all branches to fit them for executive positions. I

think that can be discounted. We make our advance not by a general

knowledge of all branches, which we can pick up from the technical press

and other sources, but by being pre-eminent in our own particular specialty.

That is the way you can get ahead, as far as I can see. However, the

sectional plan, as we syggest it, may be modified to satisfy that particular

objection. We might have two-day sessions on the sectional plan to consider

Manual material only in order to accomplish what we are trying to do,

which is to get the expression of opinion from those who are qualified to

speak, and have two days following that of general sessions on committee

reports for information. That will satisfy in a measure this objection.

The second objection is interference, and the only thing that can be

said about that is this : Our plan, in our effort to get sectional meetings,

is to bring in all the members of the Association as workers. If you

come to such a sectional meeting in your own specialty, you are ofifering

what you have toward the work of this Association. If you come as

spectators to listen, you are not helping us. That, I think, is our answer

to that objection, that we should be willing to come to the sectional meetings

in which we are most interested and offer what we have for the advance-

ment of that particular branch.
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We have, secondly, our discussions on the Manual. I would like

to defer that until we have passed upon this matter of the conventions.

Our conclusion on the subject of conventions is shown on page 72, the

second conclusion

:

"That the revival of interest, both in committee and at the conventions,

is vitally essential, and to that end the changing of our convention procedure

to that of holding sectional meetings and bringing the net results before the

general meeting for approval is the best means of accomplishing such revival,"

the sectional meetings in this case meaning such modifications as might

be found necessary by the Board of Direction.

In order to clarify this thing, it should be understood that our effort

here today is to get a solution of this problem. The solution that is here

offered may not be the one that appeals to you the most, but I feel that it

would not be right if this Association left this meeting room today without

settling a problem that has been before us for many years. If the sectional

plan is not the one that appeals to you the most you should have another

alternate to offer, and at least try it. As engineers we cannot continue talk-

ing year after year without making some remedy.

In order to get action, I will move that it be the sense of this meeting

that the sectional plan, either as illustrated or as modified at the discretion

of the Board of Direction, is the proper corrective for the conditions that

now exist as to discussion in these conventions. I will leave that with you

as a resolution, if you please.

Mr. L. A. Downs (Past-President) (Illinois Central) :— I rise to a

point of order.

We are now supposed to be receiving the report of the Committee on

Records and Accounts. I have been a member of this Association for

twenty-seven years, attended about two-thirds of the meetings during that

time ; I have read or looked over all the reports that have ever been made
by committees, and I think this is as near to being nothing as any report

I have ever seen.

They have been assigned seven subjects and they never touched

on one of them. There are things in there and assignments this Association

ought to know. They used a page and a half in giving reasons why they

did not make any report and then finally come in with an Appendix A and

Appendix B, conclusions that have no bearing whatever on their committee-

work.

This is something that should be taken care of by the Board of Direc-

tion. The whole Association elects every year three new Directors. The
fact that this Association has progressed speaks for itself, speaks for the

procedure each year of the Association. This is one organization that has

never had a slump, beginning with a small body of men twenty-seven years

ago. Every meeting has been better than the meeting before. Attendance

has been larger every year than any year before, and for a committee

to go outside of its own work and make a report of this kind is something

that I do not quite understand. If it were a committee that had done its

work well, as shown by the report of the Committee on Electricity in this

A
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same Bulletin, and had made a suggestion similar to that at the end of

their report, I think the matter might be given some consideration; but a

do-nothing committee as this has shown itself for this year I think is

altogether out of place.

There are some things in this that are really amusing. Appendix B
says the Committee "has found itself faced with conditions that made it

seem advisable to pause in the consideration of its regular assignments, and

give some thought to whether or not committee-work is being conducted in

an up-to-date and efficient manner."

In the next paragraph it says that it "reopens the question of whether

the system now in effect of publishing that material in substantially its

present condition is a satisfactory procedure. We have concluded that it

is not."

Over on the next page : "We are convinced that it can be made interest-

ing and attractive. To be that it must deal with the entire subject in so

comprehensive a fashion that the most practical of our colleagues cannot

take exception to our method of treating the subject."

"Our Committee," that is, this Committee, "considers it of first impor-

tance at this time that a new spirit be injected into our work (that is, their

work—I agree with them) (Applause) "not only as concerns the attitude

of our own committee members to the work at hand, but in the attitude

of the Association toward the committee's work. To that end it has two

definite conclusions and recommendations to make," and they have been

presented by the Chairman.

The balance of the report takes as its text an editorial of the Railway

Age of last year, based on changing our entire procedure, which is a

question to be determined by our Board, and that is why I am rising to

this point of order.

In sitting in conventions many times and hearing a good report being

presented by a good committee, I often wondered what the President was

going to say. He usually said that the committee is dismissed with the

thanks of the Association. I believe it would be only proper in this case for

our President to say that this Committee is dismissed with the spanks of

the Association. (Applause.)

Mr. J. L. Campbell (Past-President) (Southern Pacific) :—I concur in

what Mr. Downs has' said. For the life of this Association, now twenty-

seven years old, we have had a definite organization and a definite plan

of work which has produced results today, and as has already been stated,

we have been growing! constantly. Judged by results there is nothing to

indicate that there is anything radically wrong with the system under which

we have been working, and assuredly we should proceed slowly indeed in

considering a change in our organization or our method of work.

Any organization and any method of work that has produced the

results which have been attained by this Association deserves to be carefully

considered before it is changed/

As to the action of this Committee, I think that the precedent (I trust

it will not be a precedent) would be a very bad one indeed. Any other
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standing committee of this Association could just as well have presented

this report. If our standing committees depart from the work assigned to

them, we see the possibility of meeting here some time and having no reports

on assigned work. It would disorganize our work, and would be disastrous

to the Association. This is distinctively a matter which should receive

careful consideration by the Board of Direction, and there are proper

ways of bringing it to the attention of the Association. As has already

been said, if this had come to the Association in the form of a suggestion

after the regular report had been made, well and good. The Association

and the Board of Direction are always open to suggestions; they like to

have them and will be glad to consider them. But it seems to me that if

our standing committees take liberties with their assignments of work to

the extent of discarding them entirely, a state of anarchy will result, and

the splendid progress we have been making will be checked, and there is

the possibility of very materially, very seriously impairing the work of

this Association. (Applause.)

Mr. Hunter McDonald (Past-President) (Nashville, Chattanooga &
St. Louis) :—I rise to a point of order. I fear Mr. Downs did not make
his point of order quite clear. A point of order is not debatable. The
debate on this question has already proceeded further, in my opinion, than

should have been permitted. The question raised by this Committee is a

function of management and as provided in the Constitution can only be

determined by the Board of Direction.

The rules which the Board of Direction has adopted for the preparation

and consideration of the committee reports have been violated. My point

of order is that this resolution is out of order, and if it is to be considered

at all by this convention it should come up before the business meeting.

I desire the Chair to rule on that point of order.

(The question was called for.)

The President:—The Chair rules this report is out of order. (Applause.)

Mr. J. H. Hande:—I can take no exception. The Committee consid-

ered this point before it prepared this report. We felt that since the Presi-

dent of the Association two years ago

Mr. Hunter McDonald (Interrupting) :—I rise again to a point of

order and wish to state the Chair should rule on it. If the point of order

is sustained the movers, of course, may appeal to the convention.

Mr. J. H. Hande :—The second matter in our report deals with the

Manual and is, of course, of a similar nature to the first and must rise or

fall with the first.

Mr. L. A. Downs:—I rise to a point of order. We are not discussing

the report on Records and Accounts. Will the Chair please rule on the

Committee and dismiss the Committee if they have no report to make?

(Applause.)

The President :—The Chair rules that unless the Committee has a report

to make on the subjects assigned to them they will be dismissed. (Applause.)

Mr. J. H. Hande:—The Committee considered that the subject assigned

to it as work for the ensuing year covered this assignment as reported.
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That is why we have reported it that way, "Outline of work for ensuing

year." And if this is interpreted by the Chair as not being a proper covering

for this assignment, and there is nothing in the outside criticism to warrant

the discussion, I have nothing further to say.

Aren't the steam rollers working perfectly?

Mr. J. M. R. Fairbairn (Past-President) (Canadian Pacific) :—On the

point that the Chairman of the Committee has just raised, I understood

him to say in his opening remarks that he trusted a decision on his con-

clusion would be reached in this meeting, at this time. If that is the case I

do not quite understand his suggestion that this matter was brought up

for the Outline of Work Committee for the following year.

Mr. L. A. Downs:—Next committee, next committee!

The President :—The next Committee to make its report is the Shops

and Locomotive Terminals Committee.



DISCUSSION OF SHOPS AND LOCOMOTIVE
TERMINALS

(For Report, sec pp. 73-S7)

(Vice-President D. J. Briimlcy in the Chair.)

Mr. F. E. Morrow (Chicago & Western Indiana) :—The report of this

Committee this year is upon two .subjects, one being on storehouses for

shops and locomotive terminals, and the other on typical layouts for storage

and distribution of fuel oil, including fuel oil stations between terminals.

The report on storehou.ses will be ptesented by Mr. Hawk, who is

\'ice-Chairman of the Committee, and Chairman of the Sub-Committee

dealing with this subject.

Mr. A. T. Hawk (Chicago, Rock Island & Pacific) :—The subject of

storehouses is shown on page 74, Bulletin 291.

The Committee assignment is limited to "Storehouses for Shops and

Locomotive Terminals." In practice very often the storehouse for these

facilities is combined with the System, District or Division storehouse,

and even when this is not the case the storehouse may serve several shop

and terminal facilities. In view of the.se conditions only the most general

requirements can be given, as the size and location will be governed by the

services required.

The subject of storehouses is taken to include not only the storehouse

proper but all auxiliary facilities consisting of sub-storehouses, oil storage,

material platforms, paint stores, lumber storage yard and sheds, material

racks, sheds for coal, coke, charcoal, fire-brick, locomotive arch brick, stor-

age for generating of oyxgen and acetylene, scrap dock and reclamation

sheds, etc. Sub-storehouses for shops and terminals are not necessary

where the store delivery is in operation.

This report covers a brief description of the main storehouse, as shown

on page 75, including the different parts of the facility that should be dis-

cussed ; also, on page 78, yard cranes, casting storage, oil house
;
page 79,

paint stores
;
page 80, lumber shed, scrap yard facilities and miscellaneous.

I move that the conclusions as indicated be approved by the convention

and published in the Manual.

Vice-President Brumley :—Tlic motion is on the approval and adoption

of the specifications included under Appendix A, beginning at page 74 and

ending at the bottom of page 80. The question is now open to discussion.

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) :—On page 11

there seems to be a little discrepancy in the subject-matter, a few words left

out or something of that kind. It reads, "Where there is a scarcity of

floor space available it may be desirable in a one-story building to place

the office portion on the second floor." I just want to call the matter

to the attention of the Committee that some correction is needed before

publication.

Vice-Prcsi(knt Brumley:—The Committee will be very glad to make

the correction.
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The Chair suggests that Mr. Hawk read the headings of the several

paragraphs in the outline to give you an opportunity of discussing any point

that may not be clear or in which there may be a difference of opinion.

(Mr. Hawk read the headings as follows: General, location, tracks

and roadways, construction ; under main storehouse : arrangement, arrange-

ments of racks, number of stories, floor loading.)

Mr. F. R. Judd (Illinois Central) :—I believe that a minimum live load

as specified at 400 lb. is high for the first floor of a building of that kind. It

is the recommendation of the Building Committee that the loading be

placed at 300 lb. Where there is a basement under a building it will add

considerable to the expense. It will increase the cost of floors, columns,

foundations, etc., and the Building Committee does not believe that it should

go to 400 lb.

Mr. A. T. Hawk:—The Committee is willing to make that not less

than 300 lb. per square foot for the first floor load.

(Mr. Hawk continued the reading of the headings for elevators, ramps,

chutes, conveyors, lighting, ventilation ; heating, office, toilet facilities,

racks, platforms, fire protection, yard cranes, casting storage, oil house,

location.)

Mr. C. W. Baldridge :—It seems to me the last paragraph of Section 24

should either be omitted or the wording should be changed to make it read

as an alternate plan. These subjects are submitted as recommended practice

and the wording should make it an alternate plan instead of something of a

permissible nature. The paragraph should begin, "for small stores where

oil houses as outlined above are not needed,"—then go on and say that oil

houses such as described below should be used. I make a motion to that

effect.

Vice-President Brumley:—It has been moved and seconded that the last

paragraph of Section 24 be made to read, "For small stores where the

provisions in the preceding paragraph do not apply." That was your intent,

Mr. Baldridge?

Mr. C. W. Baldridge :
—"Or as elaborate facilities as described above are

not necessary," perhaps would be better.

(The motion was put to a vote and carried.)

(Mr. Hawk continued reading the headings, construction, pumps, waste,

fire protection, paint stores, lumber shed, construction, scrap yard facilities,

miscellaneous, coal, coke, charcoal bins or sheds, oxygen and acetylene, fire

brick and fire clay, locomotive arch brick.)

Vice-President Brumley:—The question is on the adoption of the speci-

fications as amended and appearing on pages 74 to 80, inclusive.

Mr. C. W. Baldridge :—There is one question I want to ask the Com-
mittee. Article 35 at the bottom of page 80, "Oxygen and acetylene should

be stored in a separate building of light frame-work construction, located

not less than 50 ft. from main building." I want to ask why they recom-

mend frame construction. Is there any particular reason?

Mr. A. T. Hawk :—Oxygen and acetylene are liable to explosion, and by

storing them in light frame construction, the force of the explosion would
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not be great. If it were in a concrete or a brick structure the destruction

might be considerable to other buildings.

(The question was called for and the motion carried unanimously.)

Mr. F. E. Morrow :—The Committee proceeded a little further in its

study of fuel oil stations, covering one or two points that did not seem to

be satisfactorily disposed of in its previous report and in the conclusions

which had been adopted. I will ask Mr. Metcalf, Chairman of the Sub-

Committee, to present that matter.

Mr. J. M. Metcalf (Missouri-Kansas-Texas Lines) :—The Committee

submits as information the furdier study of firewall and dike protection

for oil tanks, by Mr. W. H. Kirkbride, printed on pages 81-83 of the Bulletin,

and the study of roofs for fuel oil storage tanks by Mr. K. B. Duncan,

printed on pages 83-86, with a tabulation of replies to a questionnaire fol-

lowing.

In connection with the subject of firewall and dike protection, the Com-
mittee recommends as a result of this further study an amendment to the

conclusions previously adopted, which is printed in the middle of page 81.

It proposes to add to Conclusion No. 7, which relates to dike construction

around storage tanks, the sentence : "Where a special type of construction

is used designed to minimize splashing and wave action, the capacity within

the dike may be reduced."

I move that this be adopted as an amendment to the conclusions previ-

ously adopted.

Mr. F. E. Morrow :—I would like to call upon Mr. Kirkbride, a member
of the Sub-Committee, for such remarks as he may wish to make on this

subject.

Mr. W. H. Kirkbride (Southern Pacific) :—It occurs to me that there

should be a slight correction under the conclusions on page 83. This does

not vitally aflfect the action on the conclusions as to recommendations in

the Manual, but there should be inserted in the third line after the word

"can" this phrase, "not at this time." I may add that subsequent to the

preparation of these articles in this report, a very extensive oil fire occurred

in California due to lightning, that resulted in a reported material damage

of $9,000,000. It brings to mind that really the important problem before us

is the question of protecting oil storage from direct strokes of lightning

and from induced static which may set fire to vapors on the surface of the

oil.

So vital is this to the insurance companies that I may say they have

practically, so far as the California fields are concerned, refused to place

insurance except at a very high, prohibitive rate.

We think, therefore, that there is a very large field for these com-

mittees in connection with studying the subject of protection of oil from

electricity, strokes or indirect.

Mr. C. R. Harding (Southern Pacific) :—I would like to ask if it is

not true that the danger of lightning is worse with crude oil than with fuel

oil, and is it not a fact that with fuel oil the vapors above the oil are not

so dangerous.
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Mr. W. H. Kirkbride :—That is true. Mr. Duncan's report brings that

out. I personally believe that with fuel oils as commonly used by the rail-

roads, the danger is slight. With crude oils that are usually stored by

the oil companies there is much greater danger, and, of course, that also

brings you into the subject of refined oils. But the fact remains that the

least hazardous of all are the fuel oils used by railroad companies.

Mr. J. B. Jenkins (Baltimore & Ohio) :—I would suggest also that

the Committee make recommendations in regard to the protection of exist-

ing tanks having wooden roofs. A great deal can be accomplished to reduce

the risk by placing chicken wire, well-grounded, over the existing wooden

roof; the tank can also be absolutely protected against a direct stroke of

lightning by the installation of lightning rods in the vicinity of sufficient

height so that the distance from the rod to the center of the tank does not

exceed four times the height of the rod. These precautionary measures can

be installed at very slight expense so as to give much better, though not

complete, protection to existing tanks.

Mr. F. E. Morrow :—The Committee is very glad to receive these

suggestions as to further study, and those matters will be taken into con-

sideration in our future work.

The correction suggested by Mr. Kirkbride in the text is also accepted

by the Committee.

Vice-President Brumley :—There is a motion before the convention on

the adoption of the conclusion at the middle of page 81, reading, "Where
a special type of construction is used designed to minimize splashing and

wave action, the capacity within the dike may be reduced." Are you ready

for the question?

(The question was called for and the motion carried unanmiously.)

Vice-President Brumley :—The report of Committee XXIII has been

adopted by the Association, and the Committee is relieved with the thanks of

the Association. (Applause.)



DISCUSSION ON BALLAST
(For Report, see pp. 89-02)

(Past-President L. A. Downs in the Chair.)

The Chairman: The report will be submitted by Mr. J. G. Bloom, the

Chairman.

Mr. J. G. Bloom (Chicago, Rock Island & Pacific) :—The report of

the Committee on Ballast includes an additional test in the Specifications for

Washed Gravel Ballast, providing a method of determining the proper

proportion of the aggregate in the ballast loaded into cars.

There were three tests in those specifications, and this Test No. 4 is to

provide a method of getting the proper proportion of the aggregates into

washed and screened ballast.

I move that Test No. 4 be added to the Specifications for Washed
Gravel Ballast as adopted by the Association at the 1926 convention.

Past-President Downs:—We have now under consideration on page 90

of the Bulletin the report of the Committee on Ballast.

Mr. Robert H. Ford (Chicago, Rock Island & Pacific) :—The Commit-

tee evidently believe that there should be additional tests for ballast to

those now shown in the Manual. I believe changed conditions in produc-

tion and requirements will fully justify this and that the ballast specifications

can now be made more definite and precise than perhaps has been here-

tofore practical.

Mr. J. G. Bloom:—Test No. 4 is to get the proper proportions in the

car when loading at the plant so that the car will not all be loaded with

the coarse material or all with fhe fine. It is really the uniformity of

the material loaded in the car.

Past-President Downs:—Is that plain, Mr. Ford?

Mr. Robert H. Ford:—It is.

Past- President Downs:—Is there any more discussion on this? Mr.

Bloom's motion was seconded, I believe?

(The motion was seconded.)

Past- President Downs:—The question is the adding of this Test No. 4.

(The question was called for and the motion unanmiously carried.)

Mr. J. G. Bloom :—Under Appendix B, Relative Value of Stone as

Ballast from Various Quarries; Method of Determining. I will ask Prof.

Stanton, the Chairman of the Sub-Committee, to report.

Prof. C. B. Stanton (Carnegie Institute of Technology) :—I think I

can respond simply by reading our part of the report

:

"The Committee feel that at present there is not enough data, on ballast

of proven merit, to establish any equating coefficients or other arbitrary

values whereby one ballast may be given a higher numerical index than
another.

"To establish a standard as to absorption, hardness, toughness and
wear would require a large number of tests of ballast of proven merit.

Such a standard would seldom be of service, as the choice between usable
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materials is usually limited by length of haul, and totally unfit sources
have been eliminated by experience.

"We are therefore of the opinion that the benefits to be derived will

not justify the expenditure necessary to make sufficient tests to obtain
data upon which to base conclusions on the topic assigned."

Mr. Robert H. Ford :—The Committee appears to believe that poor

stone from a nearby source and for which there is little known concerning

hardness and durability, may be preferable to a better stone which it would
be necessary perhaps to haul many miles. While, of course, train haul

is an important element for consideration, hardness and durability of

ballast material are the primary essentials, and I am sure that the Com-
mittee will find upon careful investigation that hauling ballast long dis-

tances, if necessary, is justified if, by so doing, the best and most suitable

material is thus obtained.

When train performance and elements of upkeep, which include the

efifect on rolling stock, track materials and roadway, drainage, etc., are

considered, it will be found that first cost, while important, is not usually

the principal consideration.

Past- President Downs :—The meeting understands that we have under

discussion the assignment of this Committee, "Relative Value of Stone as

Ballast from Various Quarries ; Method of Determining." The Committee
states that they are of the opinion that the benefits to be derived will not

justify the expenditure necessary to make sufficient tests to obtain data

upon which to base conclusions on the topic assigned.

Mr. W. C. Cushing (Pennsylvania) :—I rise to support what Mr. Ford

says, and disagree with the conclusion of the Sub-Chairman for much
the same reason. It is very desirable to have a gage which can be used in

the study of the value of a quarry which is in the district of the railroad

and available for use. If it is possible to evolve a formula of the kind

mentioned, it would be an exceedingly profitable piece of work.

Prof. C. B. Stanton :—In answer to Mr. Ford and Mr. Cushing, per-

sonally I believe work can be done in the line of tests to determine such a

basis. I think it is a question of economy to the railroad that caused us

to bring in the report as it stands. Personally I have been doing some
research work on my own hook, as you might say, to find out what tests

would give us results that we want from ballasts. As our tests stand now,

we have followed more or less the old highway tests. Take the Deval test,

for instance ; at present we have a test that gives us a very heavy cushioning

effect on our ballast. In fact, in some of the tests that I have made on
ballasts I have found as high as sixty per cent of the detritus coming from a

test adheres either to the walls of the cylinder in which the test is made or

else to the ballast itself. In order to eliminate this we have made up at

the institution that I represent a head for the present Deval machine, which
I might say acts in function as a salt shaker, and we eliminate the

detritus as we go along and as a result we get an entirely different story

from our ballast experiments compared with what we do with the ordinary

Deval test.
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Another thing we have taken into consideration is the study of the action

of the ballast in water, that is, the same test is run with the ballast covered

with water, and some ballasts show a material increase in wear when given

this test, subject to a slight amount of water, or rather from three to

five pints of water in the cylinder, and we are getting some very interesting

results. These, of course, are carried on merely as a side issue of my own
and they really do not represent any action of the Association.

Mr. Robert H. Ford :—From the remarks of the Sub-Committee, I

am sure they are fully justified in going into this subject further along

lines which are sufficiently scientific to develop the greatest degree of

economy in maintenance.

I move that the report be referred back for further consideration.

Mr. G. D. Brooke (Chesapeake & Ohio) :—I would like to amend that

to the effect that the subject be referred back to the Committee for further

study.

Mr. Robert H. Ford :—I accept the amendment.

Prof. C. B. Stanton:—Along that line it will be referred back to the

Committee. Of course the Committee has power to act, but did not have

the substance wherewith to act so far.

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) :—This Com-
mittee, like every other committee of this Association, is expected to

make all the study that they can, and make investigations and researches

for information, and I believe if this Committee will search diligently

enough they will find that there have been a great many tests made which

will be available at least in part. It will give them some sort of informa-

tion that we want, and the relative value of stone for ballast is one of the

most important things and one that we have been neglecting for years.

It has been a common practice to take whatever has been handy and let

it go at that. It is a very important subject and it is important that we
find some means of determining when we have the best ballast that is

available.

Prof. C. B. Stanton:—In answer to Mr. Baldridge, within the last two

years we have studied this subject, and we have gotten all the available data

that we could, especially from the Bureau of Public Roads. We have

taken some 500 of their tests and plotted them, that is the absorption, the

wear, the hardness and toughness, against weight and against each different

element. We were unable to strike a definite curve to show us anything

in particular, especially due to the fact that practically all the tests that

have been conducted heretofore have been along the line of highway tests.

We have never branched out into tests of our own. This experimental

work that I personally have done has been entirely on ballast.

To give an outline of what we have done, we have taken the ballast

as it has been sent to us. The New York Central and the Big Four have

furnished us some samples of limestone ; the Pitt.sburgli and Lake Erie

have furnished us some samples of slag. These were all taken from track,

and are ballasts that we know the performance of in practice. Some of

them have been good. I think one sample was a poor ballast ; we arc
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talcing that and washing it thoroughly, drying it and giving it a sieve

analysis and rejecting everything that passes a three-eighths screen. Then
we give it the usual Deval test, with the open head on our machine, and

catch the detritus. The ballast that remains in the charge is then washed

and dried and a sieve analysis made to find out what changes have occurred.

That is, everything that passed the three-eighths screen was held and called

detritus. Then this detritus was again given a sieve analysis with the fine

sieves, 4, 8, 14, 28, 48, 100, 200, and the material passed the 200.

A very striking thing disclosed as compared to the Deval is the fact

that with the Deval, 95 per cent of the detritus we get will pass a 48-mesh

sieve. In other words, it has come to the stage of mud, if it had a little

water mixed with it. With the open-headed machine we get about 40 per

cent that is retained on the 48-mesh sieve, and the rest of it passes through.

When we come to the test in water, that is, grinding the ballast in water,

as high as 99 per cent of the detritus passes through the 48-mesh sieve. In

other words, the grinding is finer and comes to the mud stage, as we rfiight

say. Whether that has any influence on pumping joints, we do not know,

but we are interested in taking some of the material from a pumping joint,

drying it out and running a sieve analysis on it, to find if it is the same

thing we get by our tests in water. As I said, these are entirely on my own
initiative, but I believe we have something.

I believe if followed up in conjunction with the apparent specific gravity

or weight, the wearing in water and the acceleration test to represent

freezing and thawing, we would really get some data that would be entirely

ballast data and not data that we have which is really tests on road

materials.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—I have

given considerable attention to the quality of ballast and to the effect

that it has on pumping joints. I took some limestone from the track,

that had been powdered up under the tamping pick and traffic, and found

that when moulded into briquette and broken it pulled 80 pounds. It was

really limestone dust. It has a tendency to cement. That cementing quality

is an objectionable feafure of any ballast. It occurs as the ballast is pounded

up by the tamping and by the traffic.

I want to suggest also to the Committee a line of research that

would be worth while, and that is to analyze the mud that is pumped up

chemically as well as by the sieve. I had a chemical analysis made of

some of the mud that was pumped up under traffic. It showed above 16

per cent of free carbon. It also showed a very high percentage of carbonate

of lime. I think personally that the ballast which is composed of flint

or gravel, if crushed to condition of sharpness, is very far superior

to any limestone ballast. I believe the Committee has a line of research

there that is well worth while. I assume that what the Committee is

expected to do is not to examine the great many different quarries, but to

endeavor through having examined different types of ballast to outline a

method that each company may pursue in testing its own ballast.

Mr. W. H. Kirkbride (Southern Pacific) :—I feel with the other speak-

ers that this is a very important subject that should not be dismissed.
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The Committee, on page 89, in tlic action recommended on No. 2,

gives this to us as information. However, on the top of page 91 they

conclude they are not justified in making any expenditure of continuing

the test. I think possibly the Committee may be looking at this assignment

from too technical a point of view. I believe what the railroads want are

seme constructive rules and advice that will enable them to study economi-

cally their own particular problem. I realize that it would be quite diffi-

cult to take all of the stones that are used in ballast in the United States

and make a formula that would apply in a few words or in even one

definition.

I do believe this subject can be studied by possibly following this line

of procedure : Make up a questionnaire ; send it out to the various railroads,

and so have that questionnaire worded that the railroads will give you

specific information as to the kind and qualities of ballast that they use

;

enter the subject geologically so as to define the exact rock that is being

talked about
;
give their experience as to its serviceability and workability

in track; give any tests, physical or chemical that they may have made.

When all of that information is assembled from the various railroads, I

feel sure that the Committee will have some constructive information

which can be compiled. It might be further advisable for this Committee

to make an inspection of certain typical ballast sections, even going into

the quarries if necessary, which would enable them to give us a report of

practical benefit. I therefore hope this subject will not be dropped.

Mr. J. C. Irwin (Boston & Albany) :—I join in the opinion expressed by

Mr. Ford and Mr. Cushing and others in regard to the value of further

investigation on these lines. I believe that if the Committee will get results

on the cleaning of trap rock ballast as compared with hard limestone and

others, they may produce some data to indicate relative economy and show

how much further it will pay to go for a supply of hard ballast like trap,

rather than use a softer stone which may be obtained with a shorter haul.

All of the stone ballast on the Boston & Albany is trap rock. I have

been impressed with the fact that conditions there wnth the use of trap

ballast are very much more economical than in other places where lime-

stone has been used. There is very little loss of ballast in cleaning as wear

by abrasion or breaking up by mechanical tamping is reduced to a minimum.

-\s wheel loads are increasing and traffic becomes heavier, I think that a

great deal can be done toward effecting a saving by the use of the hardest

ballast available within a reasonable haul. This Committee can aid to some

extent in determining what is a reasonable haul.

Mr. VV. L. R. Haines (Pennsylvania):—The information given by the

Sub-Committee Chairman as to the investigations that he has personally

made sounds very interesting. It seems to me it might well have been pre-

sented as information or as a progress report. I wonder if it is too late

for him to embody it in a monograph which could be published in the

Proceedings in the near future?

Prof. C. B. Stanton :— In answer to that I feel you are stealing a

little of our possible thunder for next year.
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Past- President Downs :—The question before the house is whether the

report is to be referred back to the Committee for further handling. Are

you finished? All in favor say "aye"; contrary "no." It is carried unanim-

ously.

I think Prof. Stanton himself helped to pass this, in view of the fact

he showed a thorough knowledge of the subject. He is holding back on us.

(Laughter.)

Prof. C. B. Stanton:—I wish to thank the convention for referring it

back.

Mr. J. G. Bloom :—Appendix C, Relative Value, from Standpoint of

Effect on Operating Expenses, of Various. Kinds of Ballast. Mr. Holt,

the Chairman of the Sub-Committee, is not present. He was unable to do

very much this past year on this, and recommends that the subject be con-

tinued for further study.

Past-President Downs :—It is so ordered. Are there any remarks to

be made on that? If not, we will proceed to the next, Shrinkage of Ballast.

Mr. J. G. Bloom:—Shrinkage of Ballast. I will ask Mr. Rogers,

Chairman of the Sub-Committee to report on that.

Mr. E. I. Rogers (Peoria & Pekin Union) :—Our report on Shrinkage

of Ballast appears on pages 91 and 92 of Bulletin No. 291. I want to say

that in March, 1924, at this convention there was certain information adopted

by the convention which appears on pages 5 and 6 of Bulletin No. 267,

which was a Supplement to the Manual for the years shown.

That there may be no confusion as to just what is meant by shrinkage,

I want to read what was really meant there: "The recommended shrinkage

is the percentage which must be added to the yardage as shown by measure-

ment in cars at the pit in order to equal the yardage required to bring

the track to the elevation required by the ballast sections which have been

adopted as recommended practice."

On page 6 of that same Bulletin, No. 267, the percentages for sub-

ballast, top ballast, both stone and gravel ballast, were presented and adopted.

In order to find out just what use that information shown on page 6 is

put to by the railroads, 'we prepared a questionnaire and sent it through the

Secretary of this Association to the various railroads, and we received many

answers. These were tabulated, and the main information which we received

with reference to the percentages is shown on page 92 of Bulletin No. 291.

We received 64 replies to the question "What percentage of shrinkage

is allowed for each kind of ballast used as between ballast in place and

ballast at place of origin?" These percentages for the various ballasts speak

for themselves. We found nothing in conflict with the information already

recommended, and we have virtually confirmed by a questionnaire the

percentages as already in the Manual, though we feel that the subject

should be discontinued, and the entire time of the Ballast Committee devoted

to the study of Appendix C which in its entirety will embrace every other

subject that is now under discussion by this Ballast Committee. If that one

subject under Appendix C, which our Chairman failed to tell you about,

was reassigned, we of necessity, to get the relative value from the stand-

point of effect on the operating expenses of various kinds of ballast, have
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to go into all of the details which have been talked about here on the floor

this morning.

The report of Sub-Committee No. 4 is submitted as information.

Mr. H. E. Hale (Presidents' Conference Committee) :—We have in

the valuation work made a great many measurements to determine the

correct shrinkage of ballast. Our figures are slightly in excess of those

printed here. At first glance our figures look to be about five per cent

in excess of this; stone ballast about fifteen per cent; for gravel about

twenty, and cinders in excess of that.

We had a great deal of difficulty finding places where we could actually

measure the exact quantities paid for in that track. I am wondering if

the Committee has been able to find such places and has actually measured

the amount of shrinkage from the pay quantities to that which is found in

track.

There are several men here who are well posted on this, Mr. Robert

Ford and Mr. H. L. Ripley, who have made some experiments on this. I

would like to hear from them.

Mr. E. I. Rogers :—I believe I can answer that in this way : I took the

precaution to read what was considered the definition of "shrinkage of bal-

last" as given in the original report. The Committee is not attempting to

deal with the amount of ballast that it will take to bring a railroad track

back to an established sub-grade line at any point after it has had traffic

on it. This shrinkage that wc are dealing with here and which has been

dealt in heretofore, is the amount of shrinkage that should be added to the

cars at the pit as measured to bring the ballast on the final grade line

prepared for final traffic up to that grade line. We have not attempted to

go into the way of establishing how much ballast has shrunk in place.

That was not our understanding as to this assignment, but that it was the

amount of surplusage, or shrinkage, that was necessary from the cars to

the railroad track to be placed under the ties, the ballast surfaced in accord-

ance with the section as adopted by the Association or that particular

railroad, and these percentages are in reply to a questionnaire along that line.

Past-President Downs:—Mr. Ripley, can we hear from you?

Mr. H. L. Ripley (New York, New Haven & Hartford) :—I do not

think I can add anything that would be illuminating to what we have

from the Chairman of the Sub-Committee. I understood him at first as

Mr. Hale did and was quite inclined to question the percentages, but after I

realized the meaning of the explanation he made it seems to me that

explanation took care of the problem.

Mr. Robert H. Ford :—The Committee apparently has not recognized the

fact that the shrinkage of ballast applies with equal force to shrinkage in

the track as well as in the pit and in transit, and I trust that they will con-

tinue this study in collaboration with the work already done by Mr. H. E.

Hale of the Presidents' Conference Committee on the general subject of

the shrinkage of ballast.

This is a most important subject because of its effect upon railway

operating costs and should not be dismissed in the belief that it relates
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only to Federal valuation and is therefore, of more or less academic interest.

Mr. H. E. Hale :—These studies under the question of valuation of

this subject will gladly be given to this Committee; they cover a wide range.

Anything that we have is more than at their service. We are glad to

give it to them.

There is one thing I would like to urge, and that is that the Committee
determine the total shrinkage from the pay quantity to the condition in

track after the track is completed and in service. The amount of it was
quite surprising to us. We finally found the reason was in the pay quantity

not being compacted as it is in natural condition. Therefore the shrinkage

of ballast is very much in excess of the ordinary shrinkage of earth taken

from its natural bed to its bed under the track. You compress the ballast

from a dumped-loose-in-the-car condition which is considerably swelled over

the natural bed down to the compressed condition under the track and the

percentage is quite remarkable.

Mr. Ford and I had a rather difficult matter to handle in connection

with a contract made where the ballast paid for was measured in track, and it

was this shrinkage that caused a lawsuit, so it is a very practical matter.

Mr. J. L. Campbell (Southern Pacific) :—As I understand the explana-

tion given by the Chairman of the Sub-Committee, it appears to me that

these figures of shrinkage are not the figures that are required for a correct

determination of the amount of place quantities of ballast which went into

the track for the purpose of valuation. The matter is of a great deal of

interest to the railroads. As I understand what he said, it is that this

shrinkage includes that which takes place up to the time the ballasted track

is finished and turned over to operation.

Now, I am sure that there is an additional shrinkage of ballast after

that and that in the course of a few years there is a further shrinkage, and

it is that shrinkage that we ought to have for valuation purposes.

Mr. Hunter McDonald :—It has been an idea of mine that the percent-

ages that you allow at the time the car is loaded may be proper, but it

largely depends on the distance and the condition of the track over which

it is hauled. I believe when it gets to the end of the haul and is unloaded

again that the original condition at the time of the loading is restored

through the unloading, and for that reason I have never felt that it would

be worth while to consider any question of shrinkage until the ballast has

been put under track. Then there is a shrinkage due to traffic and possibly

due to tamping. I think it would be very difficult to determine the per cent

of such shrinkage.

However, as it takes place under tamping and traffic it occurs to me on

ballasted trestles where you have got an unyielding floor and have the bal-

last collected into one place so that it will not go down into the earth, you

can probably get some definite data on shrinkage after the ballast has been

put in the track.

Mr. C. J. Coon (New York Central) :—Mr. McDonald has stolen some
of my thunder. I had in mind an experience I had in a long haul of stone

ballast which was piled off on the track and left about four days before it

was tamped and then tamped by hand.



Discussion 1239

The shrinkage was very much less with that ballast that was not

tamped quickly on account of the action of the trains. Now we are using a

lot of air tampers in connection with the work which we are doing on the

New York Central and of course they are tamping the stone very much
more compact, and that is another element.

I think the Committee would welcome instructions as to just what

information was required and whether it was tamped by air tampers or

by hand.

Mr. McDonald brought out a good point about applying it to bridges

that have a solid deck, but there is a comparatively small amount of that in

the country and our general experience is that under the heavy wheel loads

we have in this country now there is a large shrinkage of ballast and it is

a pretty hard matter to determine.

Mr. H. L. Ripley:—From what has been said I am afraid somebody

may go away with the impression that this 9.3 per cent shrinkage in stone

ballast is the total shrinkage that takes place in that ballast as between

when loaded on the cars at the quarry and that found in the track. I

think the report should make it clear that this 9.3 per cent has no relation

whatever to the amount of shrinkage figured by the Bureau of Valuation

in their work in connection with the Federal valuation of railroads. What
they do, as a matter of fact, is to take the ballast which they find in the

track already shrunk. Then they add 10 per cent to that shrunk ballast

that has been pounded together under traffic.

That is a very different thing from the shrinkage that is reported by

this Committee, and it seems to me the important thing from the valuation

standpoint is to make it definitely clear that this is only the first stage of

shrinkage that is being reported by this Committee ; that there is another

stage of shrinkage that perhaps approximates the first stage shrinkage; so

that the total shrinkage in stone ballast, as between the time when it is loaded

on the car and the ballasted section as you find it in your finished railroad,

is something like, well, from 14 to 17 per cent instead of 9.3 per cent;

—

and the experiments I made bear that out completely.

Mr. C. W. Baldridge :—I happened to be a member of the Ballast Com-
mittee that prepared these original figures which I believe this Com-
mittee quoted as being already in the Manual. Those figures were prepared

by taking the number of cubic yards, of solid content of the prism of the

particular ballast section being considered, as the amount of ballast which

would be in track when it was raised and finished to the grade stakes

as set. Against this was placed the number of cubic yards of ballast as

measured in cars at the quarry. The difference between the two amounts

produced the shrinkage figures which are given here.

There is no question in my mind but that there is considerable addi-

tional shrinkage after the track has been in service for a time, and I think

Mr. Ripley's figures which he mentioned are assuredly well within proper

amounts of shrinkage to be expected in ballast after a few years' service.

Past- President Downs:— It might be well to mention that in last

year's report, on page 1232, is a very interesting article by Mr. Hale on

this same question.
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The Committee recommends that this subject be discontinued. That

is a function of the Board of Direction and they will act in accordance

with what they think is right.

Mr. J. L. Campbell :—It seems to me that this matter is left in an

unsatisfactory condition. Now, if it is a fact that there is a shrinkage

beyond that which the Committee has reported, or which is in our Manual,

we ought to know what it is and those figures in the Manual ought to be

corrected because they may be translated into money and the railroads

are entitled in their valuation to have proper allowance for all the ballast

that is used in the track. If the figures in the Manual are not giving us

that, they ought to be corrected so they will.

Mr. H. L. Ripley:—I move that the matter be referred back to the

Committee, and, if it is proper, that they be instructed to develop this

second stage of shrinkage.

(The motion was carried.)

Past-President Downs:—The Chairman will proceed, Cause of Pump-

ing Joints. Interesting!

Mr. J. G. Bloom:—Mr. W. S. Hanley is Chairman of the Sub-

Committtee

Mr. W. S. Hanley (St. Louis Southwestern) :—The report is to be

found on page 92, Cause of Pumping Joints.

"Your Committee submits the following report as to the cause of

pumping joints and the remedy therefor:

"First—Water pockets in roadbed so located as to hold water close

to the surface of the ground.

"Second—Foul ballast, either from mud and water working up from

underneath, or dirt allowed to fall on the ballast from the top in ditching

or other work.

"Third—^Creeping rail and battered joints, either moving the joint ties,

or hammering them down.

"The only remedy for the first cause is removal of the water pockets.

This can be done by ribbing with rock where the trouble is on fills, or laying

drain tile where it is in cuts, using parallel drains and laterals where needed.

If drain tile is laid, it will be necessary to clean out all of the old ballast

that has become foul, and substitute new material.

"Where the ballast has become foul so as to hold the surface water

it will be necessary to clean out the old ballast and raise the track on fresh

material.

"Where the joint ties are spiked in slots on rail joints, and the rail

creeps, it will, of course, move the joint ties from their original bed, and

this will soon cause the joint ties to start moving, which action will pump

the water from underneath the ballast to the surface, causing sloppy track,

and where the rail has bad joints from loose bolts or lipped rail, it will

have the same effect. This can be remedied by properly anchoring the

track with anti-rail creepers, and removing the defective rail, being

careful to see that all bolts are tight at all times.

Conclusion : The Committee recommends that the subject of cause of

pumping joints be discontinued."
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This report is submitted as information.

Mr. G. D. Brooke (Chesapeake & Ohio) :—In the three reasons given

for pumping track I find that as I read them the Committee has entirely

neglected the fouling of ballast by the destruction of the ballast.

Is it the intent of the Committee that that is their finding?

Mr. W. S. Hanley :—If the ballast disintegrated from hammering joints,

the ballast is foul and interferes with the drainage.

Mr. Hunter McDonald :—I once heard Mr. F. S. Stevens of the Reading

road, I believe, state before this convention that sparks from locomotives

would foul ballast in two years.

Mr. G. D. Brooke:—I would like to ask if the last remarks of Mr.

Hanley are incorporated in these reasons.

Mr. W. S. Hanley :—You might interpret that as covered by the word

"foul." Disintegrated ballast is certainly foul ballast, which makes a poor

drainage condition.

Mr. W. H. Kirkbride:—The Committee in its conclusion suggests that

the Sub-Committee on Joints be discontinued. It would be a very happy

thing if we could also discontinue the pumping joints. I do not think we
can and I would very much like to see this study continued because while

the work of the Committee is thus far commendable, I do not believe they

have exhausted the subject.

Mr. Maurice Coburn (Pennsylvania) :—There are one or two other

points. It seems to me that the question of spiking the slots is very much
more important on a single track th^n on double track because on the single

track the tie moves back and forth. We have cured a good many pumping

joints by taking the spikes out of the slots. Some of our trackmen tell us

that if you can put a spike in skewed so that when the rail moved up and

down the tie moves with it you are almost sure to have a pumping joint in

gravel ballast.

Past-President Downs:—Are there any further remarks. If not the

report will be received as information, and the matter of being discontinued

is to be left to the Board of Direction. This concludes the report of the

Committee on Ballast and they are dismissed with the thanks of the

Association. (Applause.)



DISCUSSION ON ELECTRICITY
(For Report, see pp. 93-143)

Mr. D. J. Brumley (First Vice-President) :—The Board of Direction

has authorized the report oi the Committee on Electricity to be presented

by the Electrical Section. The Committee on Electricity is now prepared

to make its report, and in accordance with that understanding the convention

is now turned over to the Electrical Section. Mr. Withington, Chairman,

will conduct the session.

Mr. S. Withington (New York, New Haven & Hartford) :^Mr.

Chairman and Gentlemen : As I understand it, we are somewhat behind

schedule, so with your permission I will merely read the titles of the work

of the various committees of the Electrical Section with their recommend-

ations. The report was published in Bulletin 291, November, 1926, and it

is assumed that all who are interested have read this report. If there are

no objections I will just read the titles of the committee reports.

(1) Revision of the Manual: There are two recommendations in

connection with that which are mentioned later and so I will not read

them now.

(2) Study of electrical interference caused by propulsion circuits,

including recommendations for eliminating interference with signal, tele-

phone and telegraph lines caused by propulsion circuits and adjacent trans-

mission lines. The Committee has studied this matter and reports progress

and it is recommended that their report be accepted as an indication of

progress and the subject continued. I presume it will be in order for a

motion to that effect.

(A motion was made, seconded, put to a vote and carried that the

report of the Committee be accepted as an indication of progress and the

subject continued.)

Mr. S. Withington:— (3) Study and report on the utilization of water

power for electric operation, with particular reference to the tidal water

power project on PaSsamaquoddy Bay, the Conowingo water power

development on the Susquehanna River, the Wallenpaupack Hydro-Electric

development at Wilsonville, Pennsylvania, and power from the St. Law-

rence River: This subject is a very interesting one and it is recommended

that it be accepted as information and the subject further continued.

(A motion was made, seconded, put to a vote and carried that the

report of this Committee be accepted as information and the subject further

continued.

)

Mr. S. Withington:— (4) Collaboration with American Committee on

Electrolysis: It is recommended that the report of this Committee be ac-

cepted as progress and the subject continued with representation on the

American Committee on Electrolysis without commitment as to subscrip-

tion or dues.

(A motion was made, seconded, put to a vote and carried that the

report of the Committee be accepted as progress and the subject continued
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with representation on the American Committee on Electrolysis without

commitment as to subscription or clues.)

Mr. S. Withington :— (5) Collaboration with the United States Bureau

of Standards in the revision of the National Electrical Safety Code: Since

that report was published there has been a very slight revision, w^hich

clarifies the atmosphere to some extent. I am going to ask the Chairman

of the Committee to explain the revision that has been made.

Mr. W. L. Morse (New York Central) :—Part 1, rules for the instal-

lation and maintenance of electrical supply stations, and section nine,

grounding rules : These have been found acceptable and can be recom-

mended for acceptance by the American Railway Association when the

entire Code has finally been revised.

Part 2 of the Code is one with which we have had particular difficulty

when dealing with the Sectional Committee. This part relates to rules for

the installation and maintenance of overhead and underground electrical

supply and signal lines. The difficulty has been with the power lines cross-

ing railroads and because of the fact that we could not get requirements

as the railroads saw them it became necessary for us to file a minority

report. Subsequent to this a meeting was called by Director Burgess of the

Bureau of Standards, who expressed the hope that we could get together

with the other parties whose contentions were at odds with us and when it

was agreed that the N. E. L. A. would appoint representatives, and that

we would appoint representatives to deal each with the other looking toward

a mutually satisfactory arrangement of the settlement of those features

wherein we were at disagreement. Since that time there has been progress

made and we hope that in time we will find a way to clear up this matter.

We also disagreed in regard to Part 3 wherein it dealt with the rule

requiring de-energizing switches in leads to current collecting devices in

electric locomotives and M.U. cars, but as I understand it, the Bureau of

Safety has found that our objections were well grounded and have agreed

to revise Part 3 so as to take care of them.

Part 4, rules to be observed in the operation of electrical equipment

were found to be satisfactory and they can be recommended for approval

of the A. R. A. when finally the Code has been fully revised.

Our conclusions being that the work be contiiuied in co-operation with

the U.S. Bureau of Standards for the revision of the National Electrical

Safety Code under the procedure of the American Engineering Standards

Committee with the understanding that in so far as Part 2 of the Code is

concerned, the railroad representatives will co-operate in the preparation of

specifications in accordance with the fijial revision of this part of the Code,

provided the final revision incorporates such changes as may be iiecessafy

to meet the criticisms expressed in the minority report of the railroad

representatives dated June 18, 1926, or that a mutually satisfactory agree-

ment in regard to power wires crossing over railroads be arrived at with

the National Electric Light Association through its representatives.

I would move that this report be accepted by the convention with the

provision that it be continued as further work.
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Mr. Robert H. Ford (Chicago, Rock Island & Pacific) :—I second that

motion. I hope the convention caught the force of it. It means substan-

tially that the Electrical Section is on guard against the Bureau of Stand-

ards adopting something that is inconsistent with good practice on the rail-

road. I think this Sub-Committee's report is one to be commended.

(A motion was made, seconded, put to a vote and carried that the

report of Committee 5 be accepted.)

Mr. S. Withington :— (6) Revision of transmission line specifications

previously adopted. Study of design and construction for catenary sup-

ported working conductors : This report is a voluminous one and extremely

valuable to those who are interested in electrification of railroads. It is

recommended that the report on overhead transmission line and catenary

construction in Appendix F be accepted as a progress report and the subject

continued.

(A motion was made, seconded, put to a vote and carried that the

report on overhead transmission line and catenary construction in Appendix

F be accepted as a progress report and the subject continued.)

Mr. S. Withington:— (7) Study of economics of railway location as

affected by electrical operation, collaborating with Committee XVI

—

Economics of Railway Location. It is recommended that the report on col-

laboration with Committee XVI—Economics of Railway Location, in Ap-

pendix G, be accepted as a progress report and the subject continued.

(A motion was made, seconded, put to a vote and carried that the

report on collaboration with Committee XVI—Economics of Railway Loca-

tion, in Appendix G, be accepted as a progress report and the subject

continued.)

Mr. S. Withington:— (8) Study and report on specifications for rubber

insulating tape, collaborating with the Telegraph and Telephone Section,

the Signal Section and the Mechanical Division: It is recommended that

the revised specifications for rubber insulating tape in Appendix H be

approved as recommended practice and substituted for that in the Supple-

ment to the Manual of 1921, Bulletin 258, August, 1923, and that the study

of friction and rubber tapes be continued.

(A motion was made, seconded, put to a vote and carried that the

revised specifications for rubber insulating tape in Appendix H be ap-

proved as recommended practice and substituted for that in the Supple-

ment to the Manual of 1921, Bulletin 258, August, 1923, and that the study

of friction and rubber tapes be continued.)

Mr. S. Withington:— (9) Revision of the insulator specifications

previously adopted : It is recommended that the report on standardization

of insulators in Appendix I be accepted as a progress report and the subject

sontinued.

(A motion was made, seconded, put to a vote and carried that the

report on standardization of insulators in Appendix I be accepted as a

progress report and the subject continued.)

Mr. S. Withington:— (10) Revision of the tables showing third rail

clearances and tables showing overhead working conductor clearances : It
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is recommended that the subject of clearances for third rail and over-

head working conductors, Appendix J, be continued and the tables extended

to include data showing the location of the third rail above the plane of

the running rails and beyond the gage line.

(A motion was made, seconded, put to a vote and carried that the

subject" of clearances for third rail and overhead working conductors.

Appendix J, be continued and the tables extended to include data showing

the location of the third rail above the plane of the running rails and

beyond the gage line.)

Mr. S. Withington :— (11) Study and report on rules for the protection

of oil sidings from danger due to stray currents : It is recommended that

the report on protection of oil sidings from danger due to stray currents

as contained in Appendix K be accepted as a progress report and the sub-

ject continued.

(A motion was made, seconded, put to a vote and carried that the

report on protection of oil sidings from danger due to stray currents as

contained in Appendix K be accepted as a progress report and the subject

continued.)

Mr. S. Withington:— (12) Study and report on specifications for

track and third rail bonds for electric railway circuits, with particular

reference to: (a) developing a standard specification for measurement of

bond resistance; (b) securing data on current carrying capacity of bonds;

(c) details of bond design
;
(d) the efifect of heat of welded bonds on track

rails, co-operating with the Rail Committee, and (e) means of attaching

bonds to manganese track rails. That is a very important subject and it

is recommended that the report on specifications for track and third rail

bonds. Appendix L, be accepted as a progress report and the subject con-

tinued.

(A motion was made, seconded, put to a vote and carried that the

report on specifications for track and third rail bonds, Appendix L, be

accepted as a progress report and the subject continued.)

Mr. S. Withington:— (13) Revision of schedule of standard incan-

descent lamps and report on the flood lighting of classification yards and

for other railroad purposes. It is recommended that the revised schedule

of incandescent lamps contained in Appendix M be accepted as recom-

mended practice and substituted for the existing schedule now in the

Manual (1921 Edition, page 951) and that the subject be continued.

(A motion was made, seconded, put to a vote and carried that the

revised schedule of incandescent lamps contained in Appendix M be

accepted as recommended practice and substituted for the existing schedule

now in the Manual (1921 Edition, page 951) and that the subject be con-

tinued.)

Mr. S. Withington:— (14) Study and report on the design of indoor

and outdoor substations: This is an important subject and the Committee

has done very good work. It is recommended that the report on the design

of indoor and outdoor substations contained in Appendix N be accepted

as a progress report and the subject continued.
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(A motion was made, seconded, put to a vote and carried that the

report on the design of indoor and outdoor substations contained in Ap-

pendix N be accepted as a progress report and the subject continued.)

Mr. S. Withington :—The Electrical Section has made some recom-

mendations for future work during the coming year. I will review these

briefly

:

"(1) Revision of the Manual.

"(2) Continue the subject of inductive coordination as well as repre-

sentation on the American Committee on Inductive Coordination.

"(3) Report further on the tidal water power development on Passa-

maquoddy Bay, and on the St. Lawrence River water power development

when actual construction is in progress ; also report upon the water power

development sponsored by the Aluminum Company of Canada on the

Saguenay River.

"(4) Continue representation on the American Committee on Electrol-

ysis without commitment as to subscription or dues.

"(5) Continue collaboration with the U.S. Bureau of Standards in

the revision of the National Electrical Safety Code and other codes of

similar character. Continue the study of electric light, power supply and

trolley lines crossing railways, with a view of keeping the Association

informed with regard to changes which may be desirable in the adopted

specifications to make them conform more nearly with the revisions of

Part 2 of the National Electrical Safety Code, prepared by the U.S. Bureau

of Standards, and with the requirements of the Public Service Commission

and other regulatory bodies in the various states. Continue the state repre-

sentatives and their alternates.

"(6) Revise and keep up to date the transmission line specifications

previously adopted ; continue the study of design and construction for

catenary supported wprking conductors.

"(7) Continue the study of economics of railway location as affected

by electrical operation,, collaborating with Committee XVI—Economics

of Railway Location.

"(8) Continue the study of Friction and Rubber Insulating Tapes with

a view of keeping the specifications up to date.

"(9) Continue the study of Insulators with a view of keeping up to

date the specifications previously adopted ; study and report on the tensile

strength of strain type insulators measured over a short period of time

compared with the tensile strength measured over a long period of time.

"(10) Revise the Tables showing Third Rail Clearances and Tables

showing Overhead Working Conductor Clearances and extend them to

include data giving the location of the third rail above the plane of the

running rails and beyond the gage line.

"(11) Continue the study of Protection of Oil Sidings from Danger

Due to Stray Currents with a view of keeping up to date the Rules previ-

ously adopted.

"(12) Continue the subject of Specifications for Track and Third

Rail Bonds with especial reference to: (a) developing standard specifica-
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tions for measurement of welded bond resistance; (b) securing data on

current carrying capacity of bonds; (c) the study of bond design and

practice for the purpose of determining to what extent standardization is

practicable, without interfering with the progress of the art, with a view

to developing specifications; (d) means for attaching bonds to manganese

track rails.

"(13) Revise and keep up to date the Incandescent Lamp Schedule;

continue the study of Flood Lighting of Classification Yards and for other

railroad purposes.

"(14) Continue the study of Design of Indoor and Outdoor Sub-

stations."

A motion I believe, is in order to instruct the Electrical Section to

continue the program of future work as outlined.

Mr. Robert H. Ford :—I move the Committee be instructed to carry

out the work as outlined by the Chairman, Mr. Withington.

Mr. S. Withington :—The motion has been made to instruct the Sec-

tion to carry out these recommendations. Those in favor say "aye" ; con-

trary "no." It is carried.

The Electrical Section is very much disappointed that its Chairman

could not be with us today, and there is nobody who regrets that more

than the Vice-Chairman. Mr. Katte, who has been the motive force of the

activities of the Section and to whose efforts the value of the work has

been largely due, has been sick for several weeks and is just getting about

now but was unable to make the trip to Chicago for this meeting. I thank

you.

The Chairman :—This completes the work of the Electrical Section.

It is quite apparent from the report which has just been made that the

Electrical Section proposes to exceed the quality of work done heretofore

by the Electricity Committee. (Applause.)



DISCUSSION ON STANDARDIZATION
(For Report, see pp. 145175)

(First Vice-President D. J. Brumley in the Chair.)

Mr. W. C. Gushing (Pennsylvania) :—The report of the Committee

is on page 145 of Bulletin 291. A perusal of the Proceedings back to 1920

will enlighten the members of the Association upon the large amount of work

that was done by Mr. E. A. Frink and his Committee. The object of the

present Committee is to present the relationship between the American

Railway Engineering Association and the American Engineering Standards

Committee, to show the restriction of the American Engineering Standards

Committee activities for lack of funds and to lay down a course of proce-

dure for the A.R.E.A. Special Committee on Standardization, which is the

connecting link between this Association and the A.E.S.C.

On page 159 will be found the course of procedure recommended. We
have considered that our real work for this report is to set a course for

making a smooth-running organization of this Committee and not a machine

which goes by fits and starts, and the one we submit to you is an attempt

to provide for that procedure.

It appears to me to be better to present it to you as a whole, not being

very long, instead of by sections. As one is interrelated with the others, it

is considered in that way.

(Mr. Cushing then read "Policy of Procedure Concerning 'Recom-

mended Practices','' pages 159 and 160 of Bulletin 291.)

Mr. W. C. Cushing:—It is moved that the subject just read be pre-

sented to the Board of Direction with our recommendation that it be made

the policy of procedure concerning recommended practice, and the work of

this Committee, and that it be made a part of the Manual, if the Board sees

fit to accept the recommendation.

Mr. J. R. W. Ambrose (Toronto Terminals Railway) :—I second the

motion.

The Chairman :—It has been moved and seconded that the conclusions

of this Committee as printed on pages 159 and 160 of Bulletin 291 be

adopted. Is there any discussion? Those in favor of the motion please

say "aye" ; contrary "no". It is carried unanimously.

Mr. W. C. Cushing:—Before the Committee is dismissed, I may say,

just as a matter of information, a few words on the stand this question of

standardization is taking throughout the country at the present time.

Since the report was prepared and sent to the Secretary a very im-

portant step has been taken which has been made known to the American

Engineering Standards Committee.

During the latter part of 1926 a very important stride forward in the

interest of industrial standardization has been taken, resulting in the

appointment of a committee on Standardization Survey composed of the

following

:
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Herbert Hoover, Chairman ; George K. Burgess, George B. Cortelyou,

E. DeGolyer, James A. Farrell, E. M. Herr, J. H. Gibboney, John H. Hunt,

Dexter S. Kimball, John W. Lieb, Charles M. Schwab, Hugh Shirkie,

C. E. Skinner, John F. Stevens, Gerard Swope, L. W. Wallace, W. Chattin

Wetherill, Secretary.

Every one of these names is of the supremest importance in the industry

of the United States, headed by the Secretary of the Department of Com-
merce, deeply interested in fostering well-managed industry, which includes

in its meaning elimination of waste in its processes. Besides these great

names in government and industry, the presidents of the four national

engineering societies, the American Society for Testing Materials, and the

Chairman of the American Engineering Standards Committee are also

members.

Through the instrumentality of the Secretary of the American Society

of Mechanical Engineers, who has been an outstanding figure in connection

with standardization work, these men were brought together, and the state-

ment was made to Mr. Hoover that this kind of movement required an

expenditure in the neighborhood of one-half million dollars a year. The

present American Engineering Standards Committee is trying to get along

on $50,000 to $60,000 a year and finds itself very much hampered in its

work, as explained in the report.

That mere statement indicates how important these industrial managers

have considered the work to be, and this committee known as the Committee

on Standardization Survey is for the purpose of surveying the field, finding

out how many different organizations in this country arc engaged in

standardization work with authority, and then to recommend such an organ-

ization as will make this work truly national and so financed that it can be

carried on without a constant struggle, and without running from hand

to mouth, as the work is going on at present.

V^ice-President Brumley:—If there is nothing further that the Committee

has to report at the present time, the Chairman wishes to dismiss the Com-
mittee with the thanks of the Association.

I wish to say that the report of the Standardization Committee, which

you no doubt have all read once, will be well worth reading the second and

third time. I fear that we may not understand fully the work of the

Standardization Committee and I would suggest, gentlemen, that you do

read this report at some other time in the near future. (Applause.)



DISCUSSION ON TRACK
(For Report, see pp. 17718S)

(Past- President J. L. Campbell in the Chair.)

Mr. J. V. Neubert (New York Central) :—Appendix A, Revision of

the Manual : "Withdraw Plan No. 670, Standard Dimensions for Solid

Manganese Steel Frogs, dated November, 1920, adopted March, 1921, and

substitute Plan No. 670 (same title), dated November, 1926."

This plan is practically the. same as the other; it goes into more detail

and specifies the classifications of rail under five classifications, and we

have only included the groups of the No. 4 to the No. 12 frogs inclusive

instead of the other plan of 4 to 20 inclusive. I so move that it be adopted

as presented.

(The motion was carried.)

Mr. J. V. Neubert :—"Withdraw Plan No. 700, Application of A.R.

E.A. Crossing Designs and Recommended Practices, dated November, 1921,

adopted March, 1922, and substitute Plan No. 700 (same title), dated

November, 1926."

We have some minor notations and corrections beginning at the top of

page 179. They coincide with other plans which have been adopted here

and bring the thing up to date. I therefore move that Plan No. 700, dated

November, 1926, be adopted as presented.

(The motion was carried.)

Mr. J. V. Neubert:—From the middle of page 179 and at the top of

page 180 we have a number of plans listed. These do nothing more than

coincide with other plans which this Association has adopted and they are

checked back on these plans in order to make it analogous to those plans,

and therefore I move that that part of the report be adopted.

(The motion was carried.)

Mr. J. V. Neubert :—The same thing occurs in regard to the index

supplement, page 3. Thaf has been corrected to bring it up to date and the

only correction on that index supplement is Plan No. 893, dated November,

1926. It should read, "Solid manganese steel frogs for 7-inch and 9-inch

girder rails."

You will also note that on the bottom of that plan we had put a nota-

tion which had been omitted heretofore which says, "Plans listed in this

index, pages 1, 2 and 3, have been designed for standard T-rail of sections

down to and including 80 lb. per yard in weight and for girder rails as

noted." They will not apply in all details for lighter sections on rails

weighing less than 80 lb. per yard. I so recommend this for adoption.

(The motion was carried.)

Mr. J. V. Neubert :—The report on Appendix B, in the absence of Mr.

Allen, will be presented by Mr. C. W. Breed.

Mr. C. W. Breed (Chicago, Burlington & Quincy) :—The report as

printed is offered for information only.
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Attention is called to the statement: "A questionnaire was sent to 213

railroad officials. Thirty replies, or 14.1 per cent of the total were received."

The value of this sub-committee's final report is dependent on your answers

to this questionnaire. We will greatly appreciate having all of these sent

in.

The Chairman:—This is a progress report and if there is no objection

it will be so received.

Mr. J. V. Neubert :—In regard to Appendix B, I wish such railroads

that have not answered this questionnaire would do so and take a little

double thought and consideration in answering it, because we have had a

number of inquiries in regard to this question. We want to try to present

to you a final report at our next March meeting.

The report in Appendix C will be presented by Mr. C. R. Harding.

Mr. C. R. Harding (Southern Pacific) :—Appendix C is found on

page 184, Bulletin 292. The plans are attached next to page 184.

Item I, Solid Manganese Crossings, Steam Railroad over Steam

Railroad : Last year the Committee presented Plan No. 774 for criticism

during the year. Some have been received, the plan has been brought up to

date and is now offered for adoption as recommended practice.

Mr. Chairman, I move Plan No. 774, double rail construction, solid

manganese crossing, steam railroad over steam railroad, be adopted as

recommended practice.

The Chairman :—It has been moved and seconded that Plan No. 774

be adopted as recommended practice for inclusion in the Manual. Is there

any discussion on this?

(The motion was carried.)

Mr. C. R. Harding:—Plan 775, single rail construction, requires

further consideration and is not presented this time.

Item II, Afovable Point Crossings. Several plans are offered for adop-

tion as recommended practi'ce. Mr. Chairman, I move the adoption

as recommended practice of Plan No. 951, dated November, 1926, Layout of

No. 7 Movable Point Crossings.

The Chairman :—The motion is on the adoption of Plan 951 for in-

clusion in the Manual as recommended practice. Is there any discussion?

(The motion was carried.)

Mr. C. R. Harding :—Plan 952, dated November, 1926, Details of

Manganese Knuckle Rails and Details of Plates for No. 7 Movable Point

Crossings, is attached thereto. I move its adoption as recommended practice.

The Chairman :—The motion is on the adoption of Plan 952 for in-

clusion in the Manual as recommended practice. Is there any discussion?

(The motion was carried.)

Mr. C. R. Harding :—Plan No. 953, dated November, 1926, Details of

Movable Point Crossings, angles 8 deg. 10 min. to 15 deg. 30 min., is

offered herewith. Mr. Chairman, I move its adoption as recommended

practice.
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The Chairman :—The motion is on the adoption of Plan No. 953 for

inclusion in the Manual as recommended practice. Is there any discussion?

(The motion was carried.)

Mr. C. R. Harding :—Plan No. 954, dated November, 1926, entitled

Details of Manganese Railbound Knuckle Rails for No. 8 and No. 10 Slip

Switches, which is alternate design for construction detail shown on

plans No. 801 to 804, inclusive, and plans No. 851 to 854, inclusive.

Mr. Chairman, I move the adoption of Plan No. 954 as recommended

practice.

The Chairman :—This motion is on Plan 954 and is the same as the

preceding motion. Is there any discussion?

(The motion was carried.)

Mr. C. R. Harding:—Item III, Flange or Self-Guarded Frogs. The

Committee offered last year Plan 643 of No. 8 Solid Manganese Self-

guarded Frog, dated November, 1925, and now offers this plan revised

November, 1926.

Mr. Chairman, I move the adoption of Plan No. 643 as recommended

practice.

The Chairman:—The motion is on the adoption of Plan No. 643 as

recommended practice for inclusion in the Manual. Is there any discussion?

(The motion was carried.)

Mr. C. R. Harding:—Plan No. 640, dated November, 1926, showing

standard dimensions for solid manganese steel self-guarded frogs, is also

presented.

Mr. Chairman, I move its adoption as recommended practice.

The Chairman :—This motion is the same as the previous one. Is

there any discussion?

(The motion was carried.)

Mr. C. R. Harding:—The Committee also has under consideration

plans for open-hearth self-guarded frogs to be brought up next year. That

completes the report on Appendix C.

Mr. J. V. Neubert-:—Appendix D. In the absence of Mr. Baker, Mr.

C. R. Harding will also present the report on Track Construction in Paved

Streets.

Mr. C. R. Harding :—Appendix D is found on page 186 of Bulletin

292. On page 187, first line of the third paragraph, beginning "Plan No.

983," I ask that the word "solid" be inserted before "manganese." The

Committee offers certain plans for adoption as recommended practice.

Plan No. 780, dated November, 1926, solid manganese steel crossings,

steam railroad over electric railway, for 7-inch and 9-inch girder rails,

angles 90 to 60 deg., inclusive.

Mr. Chairman, I move its adoption as recommended practice.

Mr. J. V. Neubert:—Mr. Chairman, I second it, and for the infor-

mation of the Association this plan as well as the other four plans following

it have been submitted to the American Electric Railway Association.

They have criticized these plans, we have coordinated with them, and they
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have no suggestions to make. If it is adopted by this Association, it will

be adopted by them.

Past-President Campbell :—The motion is on the adoption of Plan 780

for inclusion in the Manual as recommended practice. Is there any dis-

cussion on this motion?

(The motion was carried.)

Mr. C. R. Harding:—Plan No. 781, November, 1926, covers the same

construction except for angles of 60 to 40 deg., inclusive.

Mr. Chairman, I move the adoption as recommended practice.

The Chairman :—This motion is the same as the preceding one. Is

there any discussion?

(The motion was carried.)

Mr. C. R. Harding :—Plan No. 980, dated November, 1926, Alinement

details for turnouts, tongue-switch construction, for use in paved streets.

Mr. Chairman, I move its adoption as recommended practice.

The Chairman :—-This motion is the same as the preceding one. Is there

any discussion?

(The motion was carried.)

Mr. C. R. Harding :—In the next line, which is the last conclusion,

please insert the word "solid" before "manganese." Plan No. 983, dated

November, 1926, solid manganese steel frogs, for 7-inch and 9-inch girder

rails.

Mr. Chairman, I move its adoption as recommended practice.

The Chairman:—This motion is the same as the preceding one. If

there is no discussion, all in favor will say "aye" ; contrary "no." It is

carried unanimously.

Mr. C. R. Harding :—During the ensuing year the Committee proposes

to consider plans for iron-bound manganese insert crossings, as referred

to at the bottom of page 186. The Committee also has under consideration

a plan of manganese steel straight tongue switches for main line use and

plan of manganese steel curved tongue switch and mate for industrial

tracks, which will be presented in a later report. That completes the report.

Mr. J. V. Neubert :—The work scheduled under Appendix E is a

progress report and will be presented by Mr. O. F. Harting.

Mr. O. F. Harting (Terminal Railroad Association) :—The assignment

is specifications and designs for foundations under railroad crossings ; also

for tie spacing or timbering under crossings. A brief presentation of the

work of this Sub-Committee for the past year is shown on pages 187, 188

and on Plans 721, 720A, contained in Bulletin 292.

This assignment naturally divides itself into two parts. The first part

of the report marked (A) deals with foundations for railroad crossings.

There are in use at the present time those made of concrete, wooden piles

and structural steel. So far this Committee has prepared a suggested stand-

ard design, Plan 721, only for the reinforced concrete type. This subject

it a comparatively new railroad problem, and the obtainable data is quite

meager.
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In line with one of the suggestions of President Felt in his address

this morning, it may be well to relate the experience of the Terminal Rail-

road Association of St. Louis, the road with which I am connected, with an

installation made during December, 1923, of eight pre-cast reinforced con-

crete slabs under four existent 100-lb. A.S.C.E. manganese insert crossings.

At that time the crossings would certainly have had to be replaced within

twelve months had the foundation not been installed ; but as a matter of fact

we obtained two years and seven months' service. The railroad crossings

were bought in June, 1920, for $5,284; using this cost and a prolonged life

of one year and seven months, we find an annual saving of $305, directly

traceable to the foundation.

The cost of the eight reinforced concrete slabs, including the trans-

portation to the site^ with the labor of setting to one side the old railroad

crossings, excavating for the slabs, installing the slabs, placing the ballast

and reinstalling the crossings amounted to about $1750.

The saving due only to the prolonged life of the crossings will pay

for the foundation in less than six years' time, but the actual saving is

considerably in excess of $305 a year, because we have not added the saving

in labor due to less frequent renewal of the railroad crossings nor has

the saving on the maintenance been included.

Part (B) of our assignment has been interpreted to mean tie arrange-

ment under railroad crossings rather than tie spacing. There are three

distinct types in use, depicted on Plan 720A. The Committee is not ready

to express a preference, but hopes to gather additional information and

come before the convention next year with a plan for adoption. As this

is what might be termed a field problem, we have asked the Roadmasters'

Association to aid us in getting up a standard plan.

The report of this Committee, including the plans, is merely offered as

information. Thank you.

The Chairman:—If there is no objection, this will be received as a

progress report.

Appreciating the very excellent work which the Committee on Track is

doing, the Committee is dismissed with the thanks of the Association.

(Applause.)



DISCUSSION ON TRACK RECORDER
(Past-President J. L. Campbell in the Chair.)

The Chairman :—We will now have an illustrated talk on the Track
Recorder by Mr. J. de N. Macomb. The monograph prepared jointly by

Mr. J. de N. Macomb and Mr. E. E. Chapman, Office Engineer and Engineer

of Tests, respectively, of the Atchison, Topeka & Santa Fe Railway, lias been

printed and distributed in the convention hall.

(Mr. J. de N. Macomb then commented briefly on the slides thrown on

the screen given in the accompanying paper.)

TRACK RECORDER

The Atchison, Topeka and Santa Fe Railway Company
By J. DE N. Macomb* and E. E. Chapman**

For some time the Engineering Departments of the Atchison, Topeka
and Santa Fe Railway Company have been engaged in the development of

a device for recording characteristics of railroad track, and after studying

the various devices that have heretofore been proposed or constructed, and

many trials of various schemes, have completed a device that under service

conditions produces the desired record with sufficient accuracy for practical

purposes and which, after extensive tests, has proven quite durable.

In its present form, the track recorder consists of mechanisms to record

the following information:

(1) Low joint record—each rail (on paper, also through counters).

(2) Track gage record.

(3) Record of lateral movement of truck and car body (with respect

to gage line of right-hand rail).

(4) Car body inclination and cross level of track, controlled by a

gyroscope.

(5) Record of time intervals controlled by a clock (from this record,

speed may be determined), and

(6) Location of landmarks recorded by push button.

(All this information is recorded by pens on paper, passing over a

platen or table.)

(1) Low Joint Mechanism

Fig. I is a side view of standard six-wheel truck under observation

end of car and shows the front and rear axles connected by a bar (1).

The span of these axles is ten feet six inches and the drop of the center

wheel below the common level of the outer wheels is the movement recorded.

(2) is the contactor box for low joint mechanism.
In Fig. II (1) is again the bar, and the low joint contact mechanism

is shown at (2) with the cover of the box removed. Inside of this box
are a series of contact plates (3) electrically connected to recording pens

( (5) Fig. XV). A contactor brush in the form of a steel roller ( (4)

•Office Engineer—"Engineer of Tests.
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Fig. II) connected in the opposite side of the electric circuit and attached

to the journal box of the center pair of wheels, rolls over the contact

plates as the wheel drops into the low spot or joint.

When the center wheel drops one-eighth inch below the common level

of the outer wheels, the roller touches the first contact and an electric

circuit is completed. The current passing through the circuit energizes a

pair of electro magnets, which operate one of the pens on the recording desk

( (5) Fig. XV). The pen moves laterally indicating a joint one-eighth

inch low. If the wheel drops one-quarter inch, the contactor roller is

pulled down farther and touches a second parallel plate, also another electric

circuit is closed and another pen on the recording desk moves indicating

a joint one-quarter inch low and so on through the series.

A mechanism such as just described, is mounted on each side of the

truck and there is a separate set of pens on the recording desk for each

rail, three for the right and three for the left.

This record, as well as those described here following, may be seen in

Fig. XVI, which is taken from an actual track record.

On main line track, trial indicates that low joint measurements of one-

eighth inch, one-quarter inch, and three-eighths inch, give satisfactory re-

sults, whereas on branch line track, measurements of one-quarter inch,

one-half inch, and three-quarters inch, appear to be satisfactory and the

mechanism is so constructed that the same three pens may be set to record

either set of intervals desired.

In addition to the graphical record made as described above, the same

current which energizes the electro magnets operating the pens, also passes

through corresponding electro magnets which actuate mechanical counters

( (6) Fig. XIV), thus whenever a mark is made by the one-eighth inch

right rail pen, an additional digit is shown on the corresponding counter.

Another counter records the other one-eighth inch offset and still other

counters the one-quarter inch and three-eighths inch offsets for their re-

spective sides. By this arrangement the observer may be informed of the

total number of joints indicated by each individual pen over a certain ter-

ritory.

(2) Track Gage Mechanism

Continuous record of gage of track is made as follows:

Two wheels six inches in diameter are held outward against the gage

side of the head of each rail ( (11) Figs. Ill and IV).

The wheels are supported by swinging right-angle levers (12). Spring

tension is applied to the levers to hold the wheels against the rails. Small

steel cables (13) carry the movements of the levers to an equalizer bar

( (14) Figs. Ill and V), which eliminates from the final record all move-

ments but actual variations of gage. The variations of gage measurements

are then brought up to the table mechanically by means of a steel wire (15),

which causes the recording pen ( (16) Fig. XV) to move making a full

scale record.

When the gage recording device is not in service, the whole gage

mechanism is lifted upward about four inches by releasing the air on a
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special piston that carries the frame by which the entire gage recording

device is supported.

Wlien passing through frogs at speeds greater than approximately ten

miles per hour, the gage wheels ride by without difficulty. If the gage

wheels do go out no harm is done as the operator, by manipulating two

levers at the desk (Fig. VII), pulls them up and sets them down again in

their proper positions.

(3) Lateral Movement Mechanism

By use of the track gage mechanism, a record of side movement of

equipment between the rails, with respect to the right rail, is also secured.

This is accomplished as follows

:

Due to the lesser distance between the gage points of the wheel flanges

than between the rails, and also the play in the journal boxes, the truck

may lurch from one side to the other of its normal position. In Fig. VI,

A-B represents the position of the truck when it stands concentrically with

the track in its normal position. In this position, gage wheel (11), lever

(12), cable (13), and equalizer bar (14) are in the positions shown in

solid lines.

When the truck lurches toward the right to position Ai-Bi, the gage

wheels remain against the rails, the levers take the positions leaning to the

right as shown in dashed lines, the cables also move to the right and the

equalizer bar assumes an inclined position, the right end higher, all as shown

in dashed lines.

When the truck lurches to the left, as shown at Aa-Bj, the gage wheels,

levers, cables, and equalizer bar take the corresponding positions shown

in dotted lines.

The lateral movement mechanism includes a wire (17) connected to the

equalizer bar, near its right end, and transmitting its movement to pen (18)

(see also Figs. V and XV). (Due to the position of the point of con-

nection of wire (17) to equalizer bar (14) and to a compound pulley between

equalizer bar (14) and pen (18), the record on paper ( (64)—Fig. XV) is

at 7/12 natural scale).

(4) Cross Level Mechanism
(a) Gyroscope

A study was made of several track recording cars in service and it

was found that the cross level record (of both track and car body) was
the most difficult to control accurately. Control of such device by a pendulum

or a "U-tube" filled with a liquid, were considered, but it was recognized

that the position of such pendulum (or liquid in the "U-tube") in passing

around curves would depend upon the relation of speed and super-elevation

of curve, also that the irregularity in surface of tangent track would similarly

affect these devices. Under these circumstances, this method of control was
abandoned and experiments were made with the gyroscope. These experi-

ments had not been brought to a successful conclusion when the United

States entered the World War, and further experimentation, for the time

being, was discontinued.
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A few years ago, the investigation was resumed and Elmer A. Sperry,

President of the Sperry Gyroscope Company, of Brooklyn, New York, who

had adapted the gyroscope for use as a ship's compass and for ship and

airplane stabilizers, and also for the control of the fire of ship's gims, was

consulted. It was found that the forces set up when a railway train rounds

a sharp curve at the faster passenger speeds, are much greater than any-

thing encountered at sea or in the air. However, after experimentation,

the gyroscope has been successfully adapted to this use also.

The gyroscope enclosed in glass case is shown as (21) Fig. VII, and

nearer views in Figs. VIII and IX. It is supported by a bracket attached

to the side of the car above the recording table. The gyroscope at present

in use is of the double rotor type ( (22) Figs. VIII and IX) enclosed in

cases and supported in a gimbal ring (23) which is supported by frame (24).

It stands in a vertical plane, longitudinal jvith the car.

These cases (enclosing the rotors) are connected by gear sectors (25)

as shown, requiring equal movement. The rotors revolve in a vertical

longitudinal plane, at a speed of 12,000 revolutions per minute, the right-

hand one turning clock-wise, the other counter clock-wise.

In order to restrain the movement of the gyroscope from its normal

position and to bring it back to that position after it has been thrown out

by some external force, an air balancing device is used as shown in Fig. X.

In this device air from the train air system, but with pressure reduced

to about eight pounds per square inch, flows through the divided pipe (26)

into two cylinders (27) in which pistons (28) work.

A small pipe leads from each cylinder to two separate port valves.

Brackets on the rotor cases are so placed that when the gyros turn from

their normal positions, one of the brackets will cover its corresponding port

valve. The port being closed, pressure is set up in the cylinder and the

piston moves downward, opening a valve which permits air to flow through

nozzle (29) upon wheel (30) forcing it to turn. As small gear wheel (31)

is attached to and turns with wheel (30), it causes gear segment (32) to

rotate, in turn revolving about axis (33) gimbal ring (23) (in which the

rotors are mounted.)

This force causes the gyro to return to its normal position, upon reach-

ing which the port is uncovered, the air stops flowing through nozzle (29)

and the gyro is in its original position.

Thus the gyro is confined closely to a fixed position.

Again referring to Fig. VIII, (34) is a lever extending from the top

left corner of gimbal ring (23), up through the top of the glass case. To
the left of and parallel to lever (34), is lever (35) connected to car inclina-

tion pen bar (46) and track cross level pen bar (56).

For the successful operation of these two pen bars, it is necessary for

lever (35) to follow lever (34) exactly. As, on account of the delicate

nature of the gyro, it is not desirable to connect it to these levers by any

direct mechanical means, this is accomplished electrically.

The connection between lever (35) and car inclination and track cross

level pen bars (46) and (56) respectively, is shown in Fig. XI. (This
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lever and these bars in Fig. XI, are shown in Fig. IX, but from the opposite

side.)

Lever (35) is supported by a pin on axis (23), which is supported by

stationary frame (24), Fig. VIII, which as stated above, carries gimbal

ring (23) which in turn supports the rotor cases.

Lever (35) and segment (36) are connected rigidly by adjusting

screw (37).

Rigidly attached to segment (36) is lever (38), the lower end of which

is connected to track level pen bar (56) whose entire weight is supported

from that point. Link (39) connects lever (38) to car inclination pen

bar (46).

The follow-up system (40) Fig. VIII, through the medium of the

meshing of gear wheel (41) with segment (36) keeps lever (35) in line

with lever (34) and also moves lever (38) through a corresponding arc.

Car inclination pen bar (46) is supported from the car body by a

bracket at its top, and is connected to lever (38) by link (39).

(b) Car Body Inclination

Fig. XII is a line drawing showing that car inclination pen bar (46)

connects at its upper end with a bracket attached to the wall of the car and

from its lower end causes pen (47) to record to scale the inclination of

the car, bar (46) being controlled by the gyroscope (21) through a com-

bined mechanical and electrical system, as heretofore described (see also

Figs. VII and XV). This measurement is one of angular magnitude and

is shown on the chart as divisions between reference lines (three-eighths

inch apart), one division being equal to two degrees of car body inclination.

(As it happens, one inch of elevation in the distance apart of the two rails,

gives a slope of approximately one degree, so that when the track has a

super-elevation of one inch and the car body has a tilt of one degree, the

two are practically parallel.)

(c) Track Cross Level

Fig. XIII is a line drawing showing the method by which the cross

level of the car truck (A-A) is transferred to a horizontal cross bar (52)

near the roof of the car, by means of cables (51).

The horizontal cross bar is free to rotate about its center and moves

vertically upon a guide. Vertical spring tension on the bar keeps the cables

tight and causes the bar to follow the exact cross level of the track regard-

less of the swing or bounce of the car.

Fig. XIV is a view looking forward in the observation compartment

of the car, showing the cross bar (52) and cables (51) ; also the shaft (53)

extending longitudinally near the roof from the cross bar toward the rear

of the car.

Fig. VII, a photograph looking toward one of the rear corners of the

car, shows the same longitudinal shaft (53), lever (54), and connecting rod

(55), by means of which the movement of the truck is transferred to the

recording pen bar (56). By this system of bars, shaft, lever, rod, and

cables, the actual vertical difference in elevation of the track is transferred
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to a horizontal movement of the recording pen (57) and reduced to proper

scale. (See also Fig. XV.)
The pen bar (56) is so connected with the gyroscope (21) mechanically

and electrically as heretofore described, that it eliminates the car body effect

and the final measurement recorded is true track cross level, the paper record

being on three-eighths natural scale. (Without the corrective factor of the

gyroscope, the record would show the difference in cross level of the track

compared with that of the car body.)

(5) and (6) Time, Speed and Location

The clock ( (61) Fig. VII) has been provided with two small cams

and two electric contact levers mounted within it in such a way that an

electric contact would be made at desired time intervals, these intervals

being ten seconds or thirty seconds. When the contact is closed an electric

current passes through an electro magnet located on the recording desk

close to the time pen ( (62) Fig. XV). The passage of current through

this electro magnet energizes it strongly enough to pull its pen from its

normal neutral position and an offset from the neutral line is made on the

record.

The speed of train at any time may be read direct by applying to the

record the scale (63) shown lying on the table in Fig. XV.
The pen ( (62) Fig. XV) which records the time intervals, is also

utilized to show various landmarks, such as mile posts, stations, bridges,

switches, road crossings, etc. An electro magnet also operates the pen to

record these identification marks. This electro magnet is located on the

opposite side of the pen and when energized is strong enough to pull the

pen toward it even against the pull of the time magnet. This was arranged

in order that the identification mark should always be registered.

The switches which close the circuit of which this electro magnet is a

part, are manipulated by an observer stationed on the rear platform of the

car, who closes the switch momentarily when the landmark is passed. The
mark on the record being on the side of the line opposite the time interval

offsets.

The observer on the rear platform informs the operator at the desk

by means of a telephone, the identification of the landmark recorded.

PAPER RECORD

By means of belt and flexible cable drive from the axle of the truck

and reduction of speed by use of gears, the record paper ( (64) Figs. VII
and XV), is driven across the table, moving thirteen and two-tenths inches

per mile of car run, regardless of the speed of the car. This affords a

convenient scale (being one inch equals four hundred feet) and corresponds

with standard profile paper. Upon this scale a thirty-three foot rail length

is equal to approximately one-twelfth inch.

Fig. XVI is a photograph of a section of the chart on which notations

as to the various records have been made. (See also Fig. XV.)
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Beginning' at the bottom (or left side as the paper runs over the table)

the records are as follows:

(47) Car inclination record (each division representing two degrees of

slope of car floor).

(57) Track cross level record (each division representing one inch of

difference of cross level of the two rails).

(62) Time record (ten second offsets below neutral line) and landmark

record (offsets above neutral line).

(16) Track gage record (natural scale).

(5) Low joint record (three intervals for each rail).

(18) Lateral movement record. (Being a 7/12ths scale record of hori-

zontal movement of equipment with respect to right track gaging

wheel.)

Considering these records individually:

—

For an ideal condition, track cross level record (57) should be a

smooth, horizontal, straight line and circular curves should appear as offsets

in this line ; spirals should be inclined straight lines connecting the two.

The depth of these offsets would represent (to scale) the super-elevation

of the curves. Irregularities in this line represent (also to scale) points

where the two rails are not at the same level.

Low joint record (5) shows low joints of varying depth in either rail.

These, of course, affect the cross level record, but as the individual irreg-

.ularities in the latter may extend over several rail lengths, they are not

usually due to low joints.

The amount of play between the wheel flanges and the rails varies as

gage of track varies. This variation from true gage is shown (to natural

scale) in record (16).

These three sets of irregularities in track (the first and second in an

horizontal plane and the third in a vertical) affect the riding of the car as

shown in car body inclination (47) and lateral movement (18).

Under ideal conditions the former line should correspond to line (57)

if the speed of train corresponded with the elevation of the curves.

It should consist of a smooth, horizontal straight line, with offsets for

circular curves and inclined connecting lines for spirals. Irregularities in

this line represent irregularities in inclination of car body, the greater their

amplitude the worse the riding of the car. (Record 47 is on half the scale

of record 57).

Record 18 should be a smooth line nearly straight, but swinging toward

the high side of curves (as the truck would hug the high rail in passing

around them). On tangents the curve should return to normal position and

keep it. Irregularities in this line represent side lurching of the equipment,

the greater the amplitude of these irregularities, the worse the riding con-

dition.



1262 Track Recorder

USES OF TRACK RECORDING DEVICE

The principal use of the Track Recording Device is to make a record

of the conditions of surface and gage of the track, also the results of these

on the riding qualities of the car, in both cross level and lateral movement.

It is especially pointed out that these characteristics are taken tinder load,

whereas ordinarily the trackman's measurements reflect the condition of the

unloaded track structure.

If these records are taken in the Spring and Fall, a comparison of

the characteristics will show whether and to what extent, the condition of

the track has been improved by the season's work.

The record may also be used for comparing the characteristics of dif-

ferent sections of track with one another and to determine the relative

excellence of track constructed of different materials, as for instance, rail

re-conditioned by different methods, different kinds of ballast, etc.

It may develop that a very valuable use of the device will be to show

the trackman exactly where the track is out of condition under load, so

that he may concentrate his efforts on the portions of the track most needing

attention.

While some foremen are so skillful as to locate and remedy low spots

without wasted effort, other foremen are not sufficiently skillful to do so,

and a test has been made of the possible value of these records by fur-

nishing one-half the foremen on a district with these records (not furnishing

them to other foremen), and comparing results. The results have been very

favorable showing a saving of labor due to the use of the records.

Experience has shown that some foremen can use records successfully

from the start, while others require instruction. A trial will show whether

it is desirable to place these records in the hands of Roadmasters as well as

general and division officers.

Fig. XVII, shows a comparison of the record of main line track with

branch line track. A comparison of records (57) (track cross level) and

(5) (low joints), as well as (16) (gage) shows that the condition of the

branch line track was naturally much inferior to that of the main line

track and as a result records (47) (car body inclination) and (18) (lateral

movement) are correspondingly worse, notwithstanding the fact that the

speed was considerably less as shown by the chronograph record (62).

In Table I is shown in statement form statistics covering twenty-five

miles of main line track, including number of low joints (separated by

amounts low), number of points where gage was wide, and number of

places where track was out of cross level (separated by amounts) ; these

statistics having been taken from an actual record.

As indicated above, credit should be given to Mr. Sperry, especially for

the adaptation or application of the gyroscope to use in a track recording

device, and specific mention should be made of Mr. L. F. Carter, Mr.

Sperry's assistant, who supervised the installation of the device on the line.

Specific mention should also be made of Mr. Paul W. Steelsmith, of the

Railway Company's Test Department, for his part in the development of
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the design and construction of the device, and of Mr. T. A. Blair, Assistant

Engineer, Ejiginecring Department, for his work in developing the uses of

the recording device in connection with track maintenance.

TABLE I
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DISCUSSION ON MECHANICAL WEAR ON TIES

(Past-President J. L. Campbell in the Chair.)

The Chairman:—Dr. Hermann von Schrenk, Consulting Timber Engi-

neer, will now favor us with an illustrated talk on "Mechanical Wear of

Cross-Ties."

Following Dr. von Schrenk, Prof. A. N. Talbot, of the University

of Illinois, will talk on the same subject.

Dr. Hermann von Schrenk (Consulting Timber Ejigineer) :—Treat-

ment of ties has now reached the degree of excellence, particularly when

creosote is used, that we have every reason to anticipate a decay protective

life of thirty years or more. This life will probably, however, not be real-

ized because there are a number of factors of a mechanical nature which

will considerably reduce the physical life. I refer specifically to the check-

ing and splitting, and to what is usually known as mechanical wear, namely,

the sinking in of tie plates and rail into the tie, sometimes known as rail

cutting or tie-plate cutting. That a thirty-year life is possible has been

abundantly demonstrated abroad. On the occasion of the last International

Railway Congress, I had an opportunity of inspecting many creosoted beech

ties in the French Eastern Railway with dating nails 1872 and 1873. This

was possible, however, only because the ties were mechanically so protected

that rail wear was practically eliminated. For a good many years I have

been investigating the subject of mechanical wear with particular reference

to design of tie plates and possible methods for fastening rail and tie plates

to the tie. My presentation to you today is a preliminary statement of the

investigations so far conducted.

The principal method for preventing mechanical wear has consisted in

the use of tie plates. In the early days, the idea prevailed that the tie

plate should form an integral part of the tie and that any motion should

take place between the rail and the tie plate. With this idea in mind, tie

plates were provided with flanges and other devices on the bottom of the tie

plate which were supposed to anchor the plates. About the beginning of

this century, due to very general failures, the flanges, prongs and other

bottom projections were considerably reduced. In many cases, absolutely

flat plates were employed. About that time (and this feeling is very preva-

lent today) it was believed that the function of the tie plate was to act as a

factor in distributing loads. I have felt for a good many years that there

was still much to be learned with respect to the function of the tie plate, par-

ticularly as I felt that the load distributing factor was not the sole factor

involved. Investigations were accordingly conducted to determine the rela-

tion between the tie plate and the tie, and what I propose to show you today

are the results of some of these investigations.

Due to lack of time, I am going to omit from this discussion descrip-

tions of studies made of the surfaces of ties under various types of tie
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plates, with various woods and after varying periods of service. In con-

nection with the slides which are to follow, please to note that I have

chosen extreme cases of mechanical wear in order to show maximum pos-

sible destruction of the wood fiber. The first slides will illustrate typical

kinds of mechanically worn ties. The first two slides show how the tie

plates apparently sink down into the tie. They illustrate creosoted Douglas

fir and lodgepole pine ties from an experimental section laid in 1905. The

next slides illustrate longitudinal sections of deeply rail-cut ties. You
will note that in these ties two inches or more of wood have disappeared.

These slides are illustrative of Douglas fir, redwood, red oak, lodgepole

and loblolly pine. In all of these pictures you will note that the direction of

the grain of the wood is practically unchanged under the tie plate area,

that is, the fibers run parallel and show no evidences of compression.

It is obvious from these photographs that something must have happened

to the wood under the tie plate. Two explanations are possible; one that

the wood was compressed, allowing the tie plate to sink in, or that it was

worn ofT. I believe these photographs clearly illustrate that there is no

actual compression of the fibers because the wood under the tie plate area

has exactly the same density as outside of the tie plate area. In other words,

it looks as if the wood had not been compressed but had been mechanically

worn away.

The next step in the investigation was to determine what a tie looked

like in which a tie plate had actually been impressed into the wood. I

am indebted to the Forest Products Laboratory of the U.S. Forest Service

for a number of tests which they made under their large testing machine

at Madison, Wisconsin. A standard New York Central tie plate was placed

on Douglas fir and red oak ties, respectively, and forced into these ties for

an inch and a half. The next photographs show what these ties look

like when cut longitudinally. You will note that in every one the fibers are

perfectly parallel at the edges of the plate and considerably compressed

immediately under the plate. In order to show the efTect of this compres-

sion, a number of microphotographs were prepared which follow herewith.

All of these photographs are views taken so that you are looking at the

end of the wood fibers. The first slides show sections of Douglas fir taken

immediately outside of the compression area. Note particularly in this

photograph the alternate rings of light colored springwood and the darker

or denser summerwood, also the parallel lines at right angles to the wood
rings, commonly called medullary rays. The next slides show a number

of sections taken immediately under the tie plate and 1, 2, and 3 inches

under the tie plate. Note in each that the wood shows marked distortion,

evident in the buckling of the cell walls and the medullary rays. You will

note the same in these slides which show the same pictures for red oak.

The first is a normal red oak with large vessels of springwood almost round.

The next slide shows sections immediately under the tie plate and for

several inches down. Note how the large vessels have been compressed

and distorted and how again the medullary rays have been shifted.
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I now wish to show you a number of microphotographs taken from

mechanically worn ties which have been in track service for many years.

The first is a Douglas fir tie which shows the normal wood from outside

the tie bearing area. The next slide shows the section immediately under

the tie plate. Note that this is a very different picture from the ties under

the testing machine. The vessels are normal in shape but there is a marked

lateral shifting of the springwood cells. The following slides show the same

phenomenon in pine, oak, Douglas fir and lodgepole pine. All of them show
a typical angular distortion in the wood immediately under the plate but

very little after you get down into the tie.

As a matter of interest, I show you a picture of the large bearing area

from some Baltic pine ties after 25 years of service on the London, Mid-

land & Scottish Railway. Note that the bearing area under the chair

is 111 square inches. The microphotographs which follow herewith

show a similar shifting as we find from ties taken out of American rail-

roads. The next slides show a rather interesting phenomenon. They repre-

sent sections from the small knobs which frequently stick up through

unused holes in tie plates. The particular ones here shown are from ties

taken out of the Lackawanna Railroad after 16 years' service. There has

of course been no vertical load on these knobs. As you will note from the

microphotographs before you, the lateral shifting is, however, just as evident

as in the wood immediately under the plate. I show a number of additional

microphotographs from oak and pine ties in which this lateral shifting is

again evident. The last ot the microphotographs illustrates some sections

from ties on the Pittsburgh & Lake Erie in which the tie plate had been

fastened to the tie independent of the rail. You will note that in these

photographs, no such shifting, as was evident in the preceding ones, took

place. The only difference is that in this case the tie plates were more or

less firmly attached to the tie. There is no apparent lateral shifting and

because of that, no mechanical wear.

About a month ago, I conceived the idea that it might be possible to

get additional data by faking X-rays of different types of rail-worn ties.

While it did not seem probable, nevertheless we decided to make the

attempt. I am particularly indebted to Dr. Sherwood Moore, Director

of the X-ray Laboratories of Washington University, for his assistance

in making the photographs, which I am about to show you. The slide

before you is an X-ray photograph of one of the Douglas fir ties into

which a tie plate had been compressed by means of the testing machine.

As I believe this is the first time photographs of this type have been made,

I am particularly pleased to make this first showing before this dis-

tinguished body. The X-ray brings out in a most startling manner that

there is a distinct compression volume in the ties submitted to actual pres-

sure as was this specimen. Note that there is a distinct shadowgram
clearly defining the compression volume.

The next X-ray picture is one taken looking at the wood from end

to end. This is really more remarkable than the preceding one. This piece
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has half the compression area made under the testing machine and half

of the wood not compressed. Note that there are two series of rings,

one very much flattened at the top and the other, not at all flattened. Imagine

that you are looking at this as if it were perfectly transparent. You see

the compressed rings under the tie plate and the same rings under the

part not compressed. In other words, we may have here a basis for

study in rail-worn ties. The following slides show a few of the pictures

which we have taken to date of Douglas fir and pine ties from track.

Note that in all of these there is no evidence of the flattening under the

rail bearing such as occurred in the pieces actually compressed under

the testing machine. I feel that we have just begun with this X-ray

study and I hope in another year to give you some further interesting

details.

The last part of my presentation deals with the subject of axle loads.

It has frequently been observed that there is probably no relationship

between the European long life of ties and American practice because

European engines and cars are so light that naturally ties would not be

mechanically worn as rapidly as with us. Personally I have never been able

to quite see this. Two years ago, I obtained a lot of data with reference

to European axle loads. I am indebted to Professor Talbot for a formula

which has enabled me to develop a chart showing the number of pounds

per square inch of rail or tie-plate bearing, both in Europe and America.

This chart is now before you and I call attention to a few of the items.

It shows the following pounds per square inch: Germany, 130; Belgium, 174;

France, 132; Italy, 172; and England, 100. Compare this with some typical

American Railroads : New York Central, 140 ; New York Central Electric,

104; old Lackawanna type, 119; and new Lackawanna tie plate, 86. A
study of this table indicates that the axle loads per locomotive on European

and American railroads are not so far apart.

I refrain from any conclusions on this matter at this time, but thought

it of interest to present these figures to you for your consideration.

In the last few slides, I wish to illustrate some of the experimental

track which has been recently built with the idea that mechanical wear

can be reduced by a different type of construction. You have probably

gathered from the foregoing that I am strongly of the opinion that me-

chanical wear in our ties is not entirely due to direct compression because

of the loads of locomotives and cars, but that it is essentially due to a rasp-

ing effect, due to the motion of the tie plate aided by the dirt of the ballast.

With this in mind, I spent a good deal of time last year investigating the

methods used by the Europeans. The following slides will show you some

typical track construction. The first are taken from the London, Midland &
Scottish Railway showing the details of chair and the nature of the tie

surface. Please to note that in England mechanical wear is practically

unknown. These photographs illustrate tics after 20 and 25 years' service

in track, and, incidentally, 25 per cent of the 20-year old ties went back

last year for further service. The next slides show some tracks on the
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French Eastern, in which you will note a wooden shim is used instead of a

steel tie plate. On this road there are no evidences of mechanical wear

and that is why one can find ties over 50 years in service.

The Germans are studying the tie plate question as vigorously as we
are. The following slides show some of the experimental track construc-

tions. Although they have been using screw spikes, they realize that this

has not cured the mechanical problem. I call particular attention to this

slide showing a long stretch of experimental German track with the French

Eastern design. It is also interesting to note the next slide of tlie Dutch

Railways with a cushion under their tie plate. This slide shows the Aus-

trian chair tie plate, which gave me the first hint years ago that it might be

desirable to fasten the tie plate independent of the rail. This was actually

done by the Pittsburgh & Lake Erie, and to a modified extent, by the

Lackawanna. I show you herewith slides from these two railroads.

The latter part of last year we finished a small section of experimental

track on the Wabash in which are included stretches with wooden shims

with steel tie plates and wooden shims used with cut spikes as a fastening;

with ties fastened independent of the rail using two lag screws and using two

cut spikes for the rail, and of this type, two sections have been built, one

with wooden shims and one without. A similar section has been completed

on the Kansas City Southern and also on the Missouri-Kansas-Texas,

and installations of this type are now under way on the New Haven, Mis-

souri Pacific, Nickel Plate and New York Central Lines.

Gentlemen, with this brief survey I leave this subject here. I am
asking to be excused from drawing any specific conclusions at this time

from the data which I have presented to you. I believe there is no more

important problem before us than the mechanical protection of our ties,

and incidentally the methods for fastening plates and rail. We have gone

along for fifty years or more on the assumption that tie plates ought to

have a certain form and design. We have changed them in dimensions and

in certain details, but little progress has really been made. I hope the

data which I have thus rapidly sketched may lead to a more fundamental

consideration of this problem. I realize that what I have presented to

you is but the beginning, but I trust that it may prove an inspiration to others.

I thank you for listening so courteously, and I look forward to a

further presentation at the next convention. (Applause.)

Prof. A. N. Talbot (University of Illinois) :—Observations on the

wear of ties under loose tie plates and under tie plates held firmly to the

tie, made at the time of our track tests, apparently have a bearing on the

matter presented by Dr. von Schrenk. What has been observed seems to

explain, in part at least, the way the wood acts and the effect upon the

wood of the two conditions of the tie plates. First, loose tie plates, those

which are not held down in some way independently of the rail, produce

abrasive action on the tie, as has been observed by all. It appears that

Note—The photographs shown will be published in a Bvilletin of the A. R. E. A.
at an early date.
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much of the movement of the tie plate comes when the rail is lifted from the

tie at points between the groups of wheels, as occurs when the middle of

a car is over the tie. When the wheel load is over the tie the movement of

the tie plates is probably slight. It seems to me, however, that the breaking

down of what we may call the particles of the wood by lateral forces which

have an effect for some distance below the surface, as shown by the slides,

is an important feature of it all. In a lateral direction the wood, of

course, has little resistance. That brings the thought that under such cir-

cumstances this failure or breakdown under heavy loading comes from

the separation of particles, first by lateral movement at the weakest point,

and then by the spreading of this separation under repetitions of pressure

from zero load to maximum applied by each group of wheels of a train.

This repetition of application of load from zero to maximum may be ex-

pected to form an important element in the deteriorating process. The
failure, then, is in the nature of a fatigue failure, which, of course, implies

many applications of load and inferentially many repetitions or cycles of

stress from small to maximum. It would follow, then, that if a tie plate

is fastened to the tie in such a way as to produce and maintain a state of

high compression in the wood at the top of the tie this wood would not

be subjected to violent changes in stress from small to large and therefore

the wood so held under compression would be freed to a considerable extent

from the high variations in stress that contribute to fatigue failure. The
conditions that produce this result may be described as follows : When
two screw spikes are put through the tie plate independently of the rail

and screwed down tight, there will be produced a compression in the wood
in the neighborhood of as great an amount as that produced in the tie

by the loaded rail. That is not exact—it may be more or less, according

to the way the motor-driven wrench may work. In large part this com-

pression will afterward be maintained in the tie, though, of course, it will

vary more or less as time goes on. Now with this high initial compression

existing in the wood, the application of the wheel load on the rail will

tend to relieve the tension in the screw spike, but it will not add to the

compression in the wood at the upper part of the tie, or at least it may be

expected to modify but little the amount the wood is compressed. There
is thus little or no variation in the compression of the wood fiber at

and near the bearing surface. Now, continuous compression of the wood
will have very little deteriorating effect as compared with the repetition

from zero to maximum, and thus the fatigue effect on the wood will be

greatly reduced.

The reduction in wear and in the deterioration of the wood in track

having the tie plates securely fastened to the tie and independently of the

rail is apparent in our examination of track where the two methods of

holding the tie plate are used.

I wish to add that I believe that there are other important effects

on track maintenance resulting from the fastening of the tie plate securely

to the tie and that they are shown by our track tests. I need not go into

that now.



DISCUSSION ON TIES
(For Report, see pp. 189-206)

(Past-President J. L. Campbell in the Chair.)

Mr. W. J. Burton (Missouri Pacific) :—The report of the Committee

will be found on page 189 of Bulletin 292. The Committee is reporting on

eight subjects. These subjects are contained in Appendices 1 to 8.

The first subject, that of the study of service records, will be reported on

by Mr. E. L. Crugar, Chairman of the Sub-Committee.

Mr. E. L. Crugar (Illinois Central) :—The report of the Sub-Com-

mittee on service records will be found on page 191 of Bulletin 292. Last

year the Committee called attention to the unsatisfactory data as pertains

to service records. This year we have undertaken to put into concise form

an outline whereby we believe that data of some importance may be ob-

tained. That is set forth in Appendix A of Bulletin 292.

The Chairman:—If there is no objection this will be received as in-

formation, and the recommendations will be referred to the Board of

Direction.

Mr. W. J. Burton:—The next subject is that of adherence to

specifications. This subject will be reported by Mr. John Foley, Chairman

of the Sub-Committee.

Mr. John Foley (Pennsylvania) :—As was the case last year, the

Committee visited places where cross-ties may be examined in large quan-

tities with the view of determining how close to the standard specifications

the inspection of various railroads had been. As was true in 1925, the

Committee was very well satisfied with what they found. There is a quite

general adherence to the standard specifications, and if the few railroads

which do not make use of the standard specifications or live up to the

requirement of whatever specifications they have would reform, the situa-

tion would be more than satisfactory. The report is to be found on pages

192 and 193 and is submitted for your information.

Mr. W. J. Burton:—In the absence of Mr. R. C. Young, Chairman of

the Sub- Committee, I will present the report on the next subject, that of the

service received from, substitute ties.

This report is in line with those which have been furnished for a

good many years by the 'Tie Committee. It begins on page 194 and is a

record of results secured during the past year. On page 199 is a tabulation

which is practically complete of such tests as are now under way.

The next subject, that of anti-splitting devices, will be reported by Mr.

L. J. Riegler.

Mr. L. J. Riegler (Pennsylvania) :—Sub-Committee on anti-splitting

devices reports on page 200. The Sub-Committee undertook this subject

with the purpose of making a complete report to this convention. But after

going into the matter we came to the conclusion that the subject was of

sufficient importance to warrant further study before attempting to make a

final report. We also are very much in doubt as to whether any of the

devices now in use are adequate. The Sub-Committee therefore presents

its report as information.
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Mr. W. J. Burton:—Subject 6, report on the proper size of holes

for pre-boring. This report is shown on page 204. Mr. R. S. Belcher

is Qiairman of this Sub- Committee.

Mr. R. S. Belcher (Atchison, Topeka & Santa Fe) :—This Sub-Com-

mittee report is presented as information and merely as a progress report.

The statement on page 204 indicates the present practice of roads who are

pre-boring for spikes, and this Committee is of the opinion that additional

tests are desirable to indicate for each kind of wood and for each treat-

ment the size hole most effective, considering both the resistance to with-

drawal and to the horizontal pressure of the rail flange.

The Committee has some tests of this nature under way, which are not

yet complete, and involve several kinds of wood, untreated and creosoted

and mixture treated. We would be glad to have any suggestions from the

membership that they see fit to make in connection with future tests on this

subject.

The Chairman :—Has any one anything to say in connection with this

report ?

Mr. W. J. Burton :—The next is a report on renewal of switch ties

out of face versus individually. This subject has been studied by the Sub-

Committee of which Mr. M. S. Blaiklock is Chairman.

Mr. M. S. Blaiklock (Canadian National Railways) :—Sub-Committee

7 was assigned the question of renewal of switch ties, and in order to

ascertain the present practice sent out a questionnaire in regard thereto.

A tabulation of the replies to the questionnaire is attached to the report,

and appears as an insert after page 106. That is as far as we have gone.

It was found that there was such a variance in the present practice that

no conclusion could be drawn, and that a further study was necessary.

The report is submitted as information, with a view of further study of the

question during the coming year.

Mr. W. J. Burton:—Subject 8, Report on Conference with Federal

Authorities regarding Annual Reports made by Railroads Relating to

Cross-Ties. It has been a requirement of the Interstate Commerce Com-
mission for a good many years that certain statistics relating to cross-tie

renewals shall be included in the reports which are made annually by each

railroad. In the past these statistics have not been particularly useful

because of several defects. One of the principal ones was that it was not

possible, from the statistics as reported, to determine accurately and defi-

nitely the number of renewals made per maintained mile. There were com-

plications in connection with mileage, which made that determination im-

possible or impractical.

With the idea that by modifying the requirements slightly, we could

obtain information which we could not otherwise obtain voluntarily, the

Committee has made suggestions to the Interstate Commerce Commission

which will result in the reports being so modified as to provide this very

desirable information in the future.

The suggestions of the Committee were very favorably received by

the representatives of the Commission, and we have received advice that

beginning with the 1927 report these suggestions will be put into effect.
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Mr. Robert H. Ford (Chicago, Rock Island & Pacific) :—I hope the

convention appreciates what the Committee has done with respect to Ap-

pendix G. It will make a great difference in the keeping of statistics. It

must result in decreasing materially the cost of much of that work, and I

think the Committee is especially to be commended on what they have done

on that report.

Mr. W. J. Burton :—The next and last subject assigned is the one on

Revision of Manual. The Committee recommends one revision and one

addition to the Manual. There is a form now in the Manual which has

never been used as far as the Committee is aware, and which is not adapted

for present-day use ; that is a form headed "Records of Cross-ties". The

Committee recommends that this form be withdrawn from the Manual. I

move that the form be withdrawn from the Manual.

(The motion was carried.)

Mr. W. J. Burton :—-Another recommendation is the incorporation in

the Manual of a portion of this year's report, Appendix A, found on page

191 ; the portion which reads as follows

:

"Your Committee therefore recommends that test sections shall be so

devised that all of the variables affecting life, except the one to be deter-

mined, will, as far as possible, neutralize or cancel out. Thus, if the effect

of size is to be determined, the test should be somewhat as follows

:

"1. Select a location where all the ties of both or all sizes may be put

in the same track, under the same traffic, rail, etc.

2. Use ties of the same kind of wood for both sizes.

3. Give both sizes the same preservative treatment, or both no treat-

ment.

4. Use identical fastenings and plates.

"If the effect of traffic is to be determined a location should be chosen

where on adjacent tracks light, medium and heavy traffic exists and at a

point where the traffic on each track can be definitely stated in proper traffic

units. Ties of the same size, kind of wood and preservative treatment shall

be used and the rail, ballast and fastenings and plates shall be identical in

all cases.''

I move the adoption as part of the Manual of the material just read,

which is part of Appendix A on page 191.

The Chairman :—It has been moved and seconded that this part of

the report just read be accepted for inclusion in the Manual. Is there any

discussion on the motion?

Mr. G. D. Brooke (Qiesapeake & Ohio) :—In printing that in the

Manual it would seem advisable to omit the first five words, namely, "Your

Committee therefore recommends that, etc."

Mr. W. J. Burton :—The Committee accepts that and it will be cor-

rected accordingly.

(The motion was carried.)

The Chairman :—This completes the report of the Committee on Ties

and it is now dismissed with the thanks of the Association. (Applause.)



DISCUSSION ON SIGNALS AND INTERLOCKING
(For Report, see pp. 299-320)

(Past- President J. L. Campbell in the Chair.)

Mr. F. B. Wiegand (New York Central) :—The Committee reports

on three subjects: (1) Automatic Train Control; (2) Signals for Highway

Crossing Protection; (3) Signaling.

The Automatic Train Control report will be found in Appendix A,

page 300. A report on this subject was submitted at the March, 1925,

meeting and again at the Alarch, 1926, meeting. In Appendix A is given

the status of train control as of November 30, 1926 ; their classification and

the variations in the classes, I.C.C. inspections and approvals and an analysis

of train accidents.

The Committee submits progress report on assignment "Signals for

Highway Crossing Protection." We have had conferences with Committee

Xn, at which this assignment was discussed. Further conferences are

anticipated.

This report is submitted as information and I move its acceptance as

such.

Past-President Campbell :—It is moved that this report be received

as information.

(The motion was seconded, put to a vote and carried.)

Mr. F. B. Wiegand :—The Signaling report is given in Appendix B. We
submit as information Signal Section literature submitted to letter-ballot by

the Signal Section 1925 and 1926. Originally it was intended that this litera-

ture be printed verbatim. It was finally concluded that by submitting the

report by reference only as to where the literature may be found would

give all desirable information.

This report is submitted as information and I move that it be accepted

as such.

(The motion was seconded, put to a vote and carried.)

Past-President Campbell :—The Committee, having submitted its report,

is now dismissed with the thanks of the Association. -(Applause.)
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DISCUSSION ON WATER SERVICE
(For Report, see pp. 207-245)

Mr. C. R. Knowles (Illinois Central) :—The report of the Water
Service Committee appears on page 207 of Bulletin 292. The first subject,

Revision of the Manual, appears on page 210. The suggested revision

includes all subjects affecting general principles of water supply upon which

the Committee has reported, and is suggested in lieu of that now appearing

in the Manual on pages 628-634. The material appearing in the suggested

revision is very largely identical with that now in the Manual with the

exception that it has been re-edited and placed in what appears to be more
logical order.

It is moved that this report be accepted for inclusion in the Manual.

(The motion was carried.)

Mr. C. R. Knowles :—The second report is on the progress of Reg-
ulations of Federal and State Authorities pertaining to Drinking Water
Supplies, appearing on page 225.

In the absence of the Sub-Committee Chairman, I will state that the

report simply brings . matters pertaining to drinking water supplies up to

date and refers to a recent ruling of the U.S. Public Health Service in

regard to standards for drinking water on interstate carriers. This report

is submitted as information.

The President :—It will be so accepted as a report of progress.

Mr. C. R. Knowles :—The next subject appearing under Appendix C
is a progress report on Pitting and Corrosion of Boiler Tubes and Sheets.

This is simply a review of such information as the Committee was able to

obtain during the past year and is submitted as information.

Mr. W. J. Burton (Missouri Pacific) :—Just as a mere matter of

detail and form, I note that Appendix C is written in the first person. I

think perhaps it would be better if it were written up as other reports and

not in the first person..

Mr. C. R. Knowles :—That will be corrected before inclusion in the

Proceedings.

Mr. Maurice Coburn (Pennsylvania) :—This is a pretty important sub-

ject. The Committee has been working on it some time and there is a good

deal of information available on the subject. We hope they will get busy

and give us some real information before long.

Mr. C. R. Knowles :—It is true that information is very badly needed

on this subject and that the matter has been studied by various committees

for the past sixty or seventy-five years. Up to the time this Committee

took up the subject there had been very little development and we expect to

present definite information in future reports, but during the past four years

the Committee has been planning some line of action to correlate the in-

formation now in existence. We hope to be able to present a better report

next year.
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The President :—That will also be accepted as a progress report.

Mr. C. R. Knowles :—The next report is under Appendix D, page 227,

Value of Water Treatment. Dr. Koyl, Chairman of that Sub-Committee,

is present and I will ask him to present the report.

Mr. C. H. Koyl (Chicago, Milwaukee & St. Paul) :—The report on page

227, including a small amount of new information, lays stress upon the

fact that we believe we have now established reliable measures of the

damage done to boilers by impure water. I would not take up your time

with references to them excepting that this year we have received a strik-

ing confirmation of the work we have been doing, and I have permission

to quote from a report of two years' study of this question by a committee

of the New York Central Lines.

That Committee took as their datum the expense of fuel and boiler

repairs per unit of locomotive energy expended, in New England, where

the water is practically perfect ; and as the water increases in hardness

from East toward the West, so the expenses have increased and they have

been very carefully tabulated in the last two years and a comparison made

with the estimate from the method of the A.R.E.A. Our original state-

ment was that a pound of scale in a locomotive boiler costs 13 cents in fuel

and boiler repairs. That statement, originally made in 1914 when almost

everyone believed that it was impossible to make such an estimate for

locomotives because they take so many different kinds of water and make

so many different kinds of scale, was smiled at by a great many ; but it

has gradually been ratified by the further tests which have been made, and

this year the New York Central committee, in applying it to the three

grand divisions of the road, has found that it checks exceedingly well with

the actual determinations which they have made of the extra fuel and boiler

repairs excepting only that our estimate is always a little low.

Where our estimate says that the additional expense per year should

be $3,000,000, the Committee finds that the actual expenses were $3,300,000

or something like that, so that we present this method at this time as a

yardstick for estimating the damage done by impurities in boiler feed water

and ask the acceptance by everyone, because we consider it now established.

The further method of measurement which we have developed during

the last three years, reading in dollars per locomotive per year per grain

of hardness in the water, checks the original method very closely, but

always gives a slightly higher result.

The President:—This report is also accepted as information.

Mr. Maurice Coburn :—When this Committee was asked to differenti-

ate between the different kinds of scale-making material, we had in mind

that they could go a little further than they have at this time. The report

speaks about the insulating value of the different kinds of scale, but there

are other matters in which they differ. Sulphate scale is much harder than

carbonate scale, and if the sulphate scale is not present, the carbonate scale

can be much more easily removed. Sulphate scale when it is treated by
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the usual soda ash method makes a foaming material. The soda ash that is

required to treat the sulphates costs a good deal more than the lime.

As a further instance : We recently wished to change from a normal

hard water with about twenty grains of carbonate and sulphate scale-making

material to another with a larger amount of carbonate but no sulphate

scale forming solids and free sodium bicarbonate. The latter would deposit

no scale in the boiler (because of the free sodium bicarbonate), while the

former was, untreated, an objectionable boiler water. The summary of the

analysis showed more scale-forming solids in the latter case, and one of

our ofificers was misled by the figures.

Mr. C. R. Knowles :—The Committee secured some very valuable

information from Mr. Coburn on the subject of the relative insulating

value and destructive value of the two forms of scale-carbonates and sul-

phates. They are now working from that standpoint, but there are so

many factors entering into the study of the different scale that we have not

been able to make a conclusive report. I assure Mr. Coburn we are still

working on it.

Mr. Maurice Coburn :—I would like to say I appreciate thoroughly

the very valuable work that Dr. Koyl and his Committee are doing. It

has been a great help.

Mr. C. R. Knowles:—^The next subject is on page 230, Appendix E,

Heating Water Station Buildings and Frost Protection for Water Facilities.

Mr. J. P. Hanley is Chairman of that Sub- Committee, and I will ask him

to report.

Mr. J. P. Hanley (Illinois Central) :—This report on Heating Water

Station Buildings and Frost Protection for Water Facilities may be found

on page 230 of Bulletin 292. Your Committee has considered and reported

on each method of heating and each method of frost protection separately,

which we believe tends for convenience in reading and reference.

After considering each method, the Committee has arrived at the con-

clusions which may be found on page 238. We believe these conclusions

will cover the requirements usually encountered in . this class of railroad

work.

Mr. C. R. Knowles :—It is moved that this report be accepted as in-

formation, and that portion of the report under "Conclusions" be accepted

for publication in the Manual as a part of the principles of water supply.

The last three paragraphs at the bottom of page 238 and the first six para-

graphs at the top of page 239.

The President:—Would the convention like to have those paragraphs

read? If so, please let it be known. Are there any remarks?

(The motion was carried.)

Mr. C. R. Knowles :—The next report appears on page 239 and is on

Duplicate or Stand-by Pumping Units. This report takes up the question

of necessity for providing duplicate or stand-by pumping units as they may

be required, taking into consideration a discussion of the necessity for safe-

guarding terminal and more important main line stations and the less im-
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portant main line and branch line stations ; consideration is also given auxil-

iary connections with municipal or private water companies.

The report is further divided into a discussion of deep-well pumping

plants, duplicate motor-driven plants, together with relative construction

and maintenance costs.

Five conclusions have been drawn from the report and appear on page

242. It is moved that the report be accepted as information, and that the

five conclusions printed at the end of the report on page 242 be accepted

for inclusion in the Manual as a part of the principles of water supply.

Mr. C. C. Cook (Baltimore & Ohio) :—I notice Conclusion 1 says

"unless a satisfactory connection can be made." Does that mean a satis-

factory physical connection or satisfactory as to cost?

Mr. C. R. Knowles :—It includes both, that is, of sufficient size and at

the proper rate.

Mr. C. C. Cook:—It think it might be well to specify that, because

frequently you can make a satisfactory physical connection, but the expense

of purchasing city water is out of reason, and you would not want to do it.

You would want to put in the standby unit.

Mr. C. R. Knowles :—We will accept that change.

The President :—Are there any other remarks ?

(The motion was carried.)

Mr. C. R. Knowles :—The Committee also reports progress on the

following subjects assigned to it last year: Use of Gravity and Pressure

Filters; Methods of Disposal of Sludge at Water Softening Plants; Design

and Maintenance of Track Pans for Locomotive Supply and Methods Used
in Securing Successful Wells in Fine Sand Formation. These reports will

be continued and further study given them during the coming year.

The President:—Those reports will be accepted as information, if

there is no objection.

Mr. C. R. Knowles:—The next and last report of the Committee ap-

pears under Appendix K on page 244. This is a report on Economical

Spacing of Water Stations in Connection with Increasing Capacity of

Engine Tenders. Mr. R. C. Bardwell is Chairman of that Sub-Committee,

and I will ask that he report.

Mr. R. C. Bardwell (Chesapeake & Ohio) :—There has been a -very

considerable amount of study given to the economics and cost of unneces-

sary train stops by various railroads in the country, and a very excellent

report on this subject appears in Bulletin 293 under the report of Committee

on Economics of Railway Operation. It is believed that one of the most

prolific causes of unnecessary train stops lies in unnecessary water stations,

especially in view of the tendency at the present time of increasing the

size of the locomotive tanks. On some railroads where the size of the

locomotive tanks have been increased, the number of water stations has

actually been cut in half.

The details of this study involve a number of factors pertinent to the

economics of railway operation as well as the question of water supply.
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On pages 244 and 245, Bulletin 292, we have endeavored to outline a

few of the different features of the problem which are being considered,

but in view of the study which is being given this subject by a great many

railroads at the present time, it is felt that definite conclusions should not

be drawn this year, and this report is submitted as progress with request

that the subject be continued. It is hoped that definite conclusions may be

presented next year.

The President:—Is there any discussion? If not, that report will also

be received as a report of progress.

Mr. C. R. Knowles :—That concludes the report of the Committee.

The President :—The Committee is excused with the thanks of the

Association. I think it should be noted that this Committee has done a

very large amount of very excellent and valuable work. (Applause.)



DISCUSSION ON GRADE CROSSING DESIGN,
PROTECTION AND ELIMINATION

(For Report, see pp. 247-281)

Mr. T. E. Rust (Waterloo, Cedar Falls & Northern) :—The report of

the Committee on Grade Crossing Design, Protection and Elimination will

be found beginning on page 247 of Bulletin 292.

For years the Committee has reported on the subject of Signs, Fences

and Crossings. This year, for the first time, the Committee has been

relieved of the subject of fences and the only signs over which they continue

to hold jurisdiction are the highway crossing *and approach signs.

The work which has been assigned to the Committee this year gives

opportunity for much interesting and valuable work. The courage and

vision, the originality and particularly the inspiration which they bring

to this subject may mean that their reports will furnish much of value to

this Association.

In this preliminary report (I say preliminary, because it is the first

report the Committee has made under its new assignment) four of the

subjects are presented as information and action is asked for only on the

subject of revision of the Manual, supplemental report of which you will

find distributed around among the chairs. This report was completed too

late to be published in the Bulletin. I will ask Mr. Maro Johnson, Chair-

man of the Sub-Committee, to present the report on revision of the Manual.

Mr. Maro Johnson (Illinois Central) :—As stated by Mr. Rust, due to

the reorganization of the Committee, it has been relieved of a considerable

portion of the work which it heretofore has done, statement to that effect

also being made on page 248.

The Committee has given consideration to the revision of the highway

crossing signs adopted last March and appearing on page 23, Bulletin 289.

The reason why it was decided to review the conclusions in relation to

this sign is given on the leaflet which has been distributed. The revised

conclusions are on page 2 of the leaflet as follows

:

"1. That the striping of the post as shown on the design of highway

crossing sign adopted March, 1926, should be omitted.

"2. That the dimensions of 10 inches for width of blades and 6^ inches

for height of letters as shown on this design should be omitted.

"3. That the reading of the 'Note' on such design should be changed

by adding 'The plan shows the sign mounted on a wood post. When a

post of steel or concrete is used, the dimensions of the post should be suit-

able to the material employed.'
"

I move the adoption of these conclusions.

The President:—You have heard the motion. Is there any discussion?

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) :—I did not

hear very much of what the speaker said, but under revision of the Manual

I assume this pamphlet was included. I wish to make a correction of the
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statement here, as I understand it. I have only had a chance to glance at

this pamphlet.

The motion last year did not provide for eliminating the word "Stop."

I made the motion last year, and that motion was that the Committee be

asked to consider adding information showing' the number of tracks to be

crossed. The motion did not provide for eliminating anything from the

sign as presented by the Committee.

Mr. T. E. Rust :—Mr. Baldridge, I think you will find that in the report

of the Proceedings it was incorrectly printed, then, because I read that

report just before this one was written up and it was my understanding

that it was a substitution that you suggested last year.

Mr. C. W. Baldridge:—^! did not intend to substitute or to eliminate

anything already on the sign. My idea was simply to suggest that enough

be added to the sign to show the number of tracks to be crossed. I still think

that would be a good plan.

Mr. T. E. Rust :—That sign is shown on there in dotted lines merely

to say to those who use this sign as a guide, "If you are going to put a

sign on the post put it here." It is not intended to say that the sign shall

be of that shape or that it shall contain these words. It is simply an indica-

tion of where a supplemental sign is to be used where one is to be used.

I believe most of the Committee thinks that when any signs can be

avoided on a post it is a good thing not to have them on there, but in

many places there are local laws or something of that kind that require a

sign on the post and if you are going to put a sign on there, there is the

place to put it. I rather think that the Committee in only showing the one

sign and voting to retain the wording that was given in the design of last

year rather had in mind that this design would be distributed amongst the

public service bodies of one kind or another and maybe they thought they

could instill a little propaganda into the sign when they put it out.

Mr. Robert H. Ford (Chicago, Rock Island & Pacific) :—While in

sympathy with the thought suggested by Mr. Baldridge, I believe the Com-
mittee has acted wisely in reporting^ for adoption the design of railway

grade crossing sign that is more g-enerally used throughout the United States

and Canada. Uniformity of design and location for highway grade crossing

signs is of national importance and for the interests of the public and the

railways as a safety measure, and in this respect is one of the most important

matters now pending before this Association. In addition to the railways,

there are approximately 48 state railway or public service commissions, with

about an equal number of state highway commissions, also a Federal Bureau
of Highways, and the Interstate Commerce Commission, and in addition,

numerous metropolitan areas with police power, etc., all working on more
or less independent lines in the matter of signs. It has resulted in a most
chaotic condition in this matter of highway grade crossing- approach, warning,

or other signs at railway crossings and it is of the greatest importance that

so far as possible there should be uniformity in these signs.

Mr. T. E. Rust:—^Just one more word on that subject. We all realize

the desirability of not adopting any standard until it has received careful
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and usualh' several years' consideration, but this highway crossing sign is

a somewhat different situation. The longer we postpone action looking to

securing the universal, or as near universal adoption as possible of

this sign, the worse chaos is going to take place in these highway crossing

signs.

I know of one railroad commission now that is waiting for the action

of this Association to adopt a highway crossing sign. If we postpone the

matter for another year, I think that there will be several other states that

will adopt a design for the highway crossing sign different from what we
now propose.

I do not think that your Committee is so much set on some of the

details of this sign, and I believe that if this convention wants to change

some of these details, it will quite meet the pleasure of the Committee,

but what we do think ought to be done is get the thing settled and the

sign adopted this year so the attempt I referred to, to secure the universal

adoption of the sign, can go ahead.

The President:—Any other remarks? There is a motion before you

to include this material in the Manual.

(The motion was carried.)

Mr. T. E. Rust:—The next subject on which the Committee makes a

report is shown in Appendix B, page 249: "Methods of apportioning the

cost of highway improvements adjacent and parallel to railroad rights-of-

way. R. E. Chamberlain, Chairman of that Sub-Committee, will report.

Mr. R. E. Chamberlain (Baltimore & Ohio) :—The report of this Sub-

Committee will be found on pages 249 to 259 and consists in the main

of bringing up to date the information which we have been able to gather

in previous years.

The President :—This is a report of progress and is so accepted unless

there is some objection on the part of the convention.

It does contain a large amount of valuable information which it is hoped

that the members will review.

Mr. T. E. Rust:—The next report is given under Appendix C, page 260,

on the subject of the value and safety of various forms of manual or power-

operated grade crossing protection as against crossing watchman protection.

This Sub-Committee is also reporting on the subject of various types of

mechanical and power-operated grade crossing protection and their relative

merits, collaborating with Committee X—Signals and Interlocking. The
Committee submits this year as information a progress report and is not

asking you to adopt any conclusions. F. D. Batchellor, Chairman of the

Sub-Committee, will make the report.

Mr. F. D. Batchellor (Baltimore & Ohio) :—In studying this subject,

we divided the types of grade crossing protection into four classes; gates,

watchmen, signals and signs, as those seemed to be the kind of protections

which were most used. The information which we received from the

railroads was taken from the reports submitted to the Interstate Commerce
Ccmmission and is shown in Table B. We would call attention to the
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decrease in the year 1925 in the United States of crossings protected by

gates and watchmen, there being a decrease of 194 crossings.

We would also call attention to the increase in the number of crossings

protected by signals, there being an increase of 325 crossings. We believe

the year 1926 will show a still larger increase. We feel that this type of

protection is the best protection for crossings, as shown in our reasons given

on page 264. We also believe that a very considerable decrease in crossing

accidents will be had if we can get all who use crossings to follow the rules

which we have given on the bottom of page 264 and at the top of page 265.

We also give a statement showing the number of accidents at various

grade crossings during 1925 and the total number of crossings. We believe

that this data, if followed up in 1926, will give us valuable information. This

report is offered as information.

The second subject assigned to this Sub-Committee is on the various

types of mechanical and power-operated grade crossing protection and their

relative merits, collaborating with Committee X'—Signals and Interlocking,

and is shown on page 265. Your Committee is unable to decide at this time

on the merits of each type of protection, but we believe that the tendency is

toward the wig-wag and flashlight signals as illustrated on pages 268 and 269.

In Table C we endeavored to determine, if possible, from actual ex-

perience the amount of traffic on the railroads and highways which would

warrant each type of crossing protection, but we were unable to determine

from this which would be the best. This report is also offered as information.

Mr. W. C. Cushing (Pennsylvania) :—This discussion has especial refer-

ence to Appendix C, page 260, entitled, "The value and safety of various

forms of manual or power-operated grade crossing protection as against

crossing watchmen protection."

If there is any virtue in the subject of standardization and simplifica-

tion of practice it reaches certainly to a high degree of value in the case of

highway crossing protection, and it may be said that it is very badly needed

in that line of application, because at the present time no complete plan for

such protection has been issued or placed upon a well-defined basis.

Nevertheless, through the work of the American Railway Engineering

Association and the American Railway Association, some of the methods of

protection have been pretty well defined and standardized, such as

—

Method of painting crossing gates.

Approach sign.

Crossing gate lamp.

Hand sign or flag for watchmen.
General type of cross-buck sign.

Besides these, however, something else is needed with even a greater

degree of urgency, which has been touched upon in this Appendix, and that is

a general plan for highway crossing protection which will be a guide which

can be universally used by the operating officers and public authorities for

deciding upon the protection required for a particular crossing based upon

the degree of hazard, with modifications according to state statutes, town-

ship and municipal ordinances, and public service commission regulations. By
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persistent and systematic work, however, on the part of this Association and

its committees, these modifications by pubHc authorities should be made fewer

and fewer until a considerable degree of uniformity can be attained.

A plan of this kind will enable the division officers of a railroad to

present a scheme for protecting any one crossing to the public authorities

in charge in accordance with a definitely outlined idea, which ought to carry

considerable weight and relieve him of some of his trouble in carrying on

negotiations.

The Committee has quoted a considerable amount of interesting infor-

mation on this subject in its report, and in particular I call attention to

the fact as expressed in Table B, page 261, that the greatest number of

crossings at track level over the railroad are those over the tracks of the

Pennsylvania Railroad, 12,326 stated by the Committee, and that they are

in one quarter of the states of the Union.

It seems to me important, therefore, to call attention to the attempt

of the Pennsylvania Railroad to carry out the idea expressed in this dis-

cussion, and a copy of the plan outlined is submitted herewith. It is divided

into two parts

:

(1) The general principles for protection which lay down rules for

crossing protection under three classes, and laying stress upon automatic

protection as the best plan, ultimately replacing crossing gates and watchmen.

(2) The operating regulations stating all the information necessary for

the division officers to enable them to keep the crossing protected according

to its class, and be familiar with the orders of public authorities in the

several states.

I am not going to read the suggested plan, but this is simply offered

as discussion on the subject, with the request that the plan outlined be

published as part of the discussion.

HIGHWAY CROSSINGS

General Principles for Protection

Authority for Protection

1501. In addition to the hand and gate signals prescribed in "Book of

Rules," of The Pennsylvania Railroad, Public Highway and Street Crossings

over tracks at the same elevation shall be protected according to the degree

of hazard, State statutes, township and municipal ordinances and public service

commission regulations, with the sign or device prescribed or approved by the

governing body.

Orders of Public Authorities

1502. In the case of specific crossings, diverse methods, plans and

devices for protection are required by public officers, councils and commis-

sions in authority, and their directions, when final, must be followed.

Classification of Crossings

1503. In general, highway and street crossings may be classified for

convenience in assigning suitable and eflfective plans and devices for protec-

tion by consideration of density of traffic and degree of hazard as follows:
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Classification of Highway Crossings for Protection

Importance of Crossing
Class Style of Traffic

I Highways in rural districts

and in regions where both rail-

road and highway travel are

light or moderate, the flow of

traffic being intermittent or oc-

casional.

II Highways which are main
thoroughfares of travel and over

which the vehicle travel is fast

and frequent and the traffic on
tracks crossed by such highway
is such as to make conditions for

travel on the highway extra

hazardous. These conditions are

found even in sparsely settled

districts when on the lanes of

travel between large centers of

population.

Ill Highways in densely populous

districts, and streets in cities.

Method of Protection

Protection will be by Highway
Crossing Signs (crossbuck type)

without lights, located at the cross-

ing, and when arranged for with the

public authorities, by Approach
Warning Signs (circular plate with

St. George's Cross) at a distance of

approximately 300 feet before reach-

ing the crossing, unless otherwise re-

quired by public authorities or local

conditions.

Protection will be by the Highway
Crossing Sign of Class I with Flash-

ing Lights, and the Approach Warn-

ing Sign of Class I. The lights shall

be operated through track-circuits by
trains in either direction on each

main track, and shall indicate the

approach of trains for not less than

20 seconds before the arrival of the

fastest train operated over the cross-

ing.

(a) Protection shall be as in Class

II, when agreed upon as sufficient

for protection under the circum-
stances.

(b) Where protection by gates is

required, their position shall be as

shown at night by a red lamp on
each gate, so located as not to be in

line with the head lights of opposing
vehicles. At crossings where speed is

not checked by limiting grades, bunk-
ers, diversions or other obstacles,

these lamps shall be of the electric

type.

Operating Regulations

(All Crossings)

Authority for Expenditure

1504. In no case shall installation of plant in accordance with the Gen-

eral Principles of Protection, Classes II and III be undertaken at any cross-

ing without executive authority.

Highway Crossing Signs

1505. Highway crossing signs illustrated on Plan No. 78300 (basic

number), must be maintained at all public road crossings, so placed as to

be seen readily by persons approaching from either direction, with the

following exceptions

:
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Where crossing gates are in service twenty- four (24) hours per diem

as below, the signs may be omitted except in the State of West Virginia,

and except in the States of New York and Indiana outside of cities and

villages.

Note 1. The New York Railroad Law, Section 53, requires

the maintenance of signs, but authority is given to the Public Serv-
ice Commission to dispense with them in cities and villages at such

crossings as it may designate.

The West Virginia Act provides that any corporation failing to

comply with its provisions within six months after passage shall for

each crossing at which there is such failure be fined five dollars

for every week the failure may continue.

The Indiana Act of July 1, 1912, accepts as legal the crossing

signs of carriers heretofore approved by the Railroad Commission
and authorizes it to accept any other sign than the type described in

the Act, but this section does not apply to crossings within cities or

villages. Failure to comply with the Act is a misdeameanor and
the penalty is fixed at not less than $25.00 nor more than $200.00

in each case. There is no provision for failure to maintain signs at

crossings where gates are operated, nor is the commission given jur-

isdiction over that subject.

Illinois—Special Stop Signs (Illinois Commerce Commission
Order No. 50) shall be furnished, erected and maintained by The
Pennsylvania Railroad at crossings designated by the Illinois Com-
merce Commission as "extra hazardous," such designation being

specifically applied to one or both sides, but in no case where there

is a clear view from any point on the highway within 200 feet of

the crossing of approaching trains for at least 500 feet along the

tracks in each direction from the crossing.

Approach Warning Signs

1506. Approach Warning Signs, w-herever approval of the placing of

such signs can be obtained from the State or local authorities shall be in-

stalled at each crossing as prescribed on Plan No. 78310 (basic number),

where topographical conditions, density of travel and vehicle speeds are such

as to make necessary prior warning of the proximity of the crossing, this

ruling having application also in cities and towns where watchmen are on

duty twenty-four (24) hours per diem. In the absence of enactments by law

or requirements of public authorities, the signs will be furnished as agreed

upon between the authorized public officers and the Railroad Company, and

installed and maintained by the local public authorities. In the States of

New York, Pennsylvania and New Jersey, the Railroad Company will fur-

nish the signs, and the local authorities will erect them. In the State of

New York, the local authorities will maintain them as well.

Note 2. Approach Warning Signs are required by law in

Illinois, Indiana, Michigan and New York and approved by the

Public Utility Commissioners.
Illinois—Approach Warning Signs shall be furnished, erected

and maintained at a distance of 300 feet before reaching the cross-

ing, by the Highway Commissioners at crossings designated by
the Illinois Commerce Commission as "extra hazardous," such
designation being specifically applied to one or both sides of the

track.
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Indiana—Approach warning- signs set in concrete are required

at each grade crossing (except within corporate limits of any city

or town) at a distance of 300 feet in either direction from point

of intersection of highway and railroad. An extra rectangular

plate witli the words "Multiple Crossing" is required for crossings

of two or more railroads—Act of March 10, 1921.

The signs will be provided by the Public Service Commission
at the expense of each County, the Railroad shall pay the cost of

their transportation (including signs for additions and replace-

ments) from place of manufacture to destination, supply gravel and

cement for concrete bases and install them, and the County Com-
missioners shall keep them in repair. The penalty against the Rail-

roads for failure to install the signs within the period of time

allowed by the Public Service Commission is $50.00 per diem.

Michigan—Except on state trunk line or federal aided roads

provided with state standard railway crossing signs, and except

when released from tlie obligation by the Michigan Public Utilities

Commission, the railroad, by May 18, 1922, shall provide two ap-

proach signs discs with proper number of bolts, washers and other

fasteners as per standard Plan No. 78310 (basic number), and
deliver them at the nearest station for each grade crossing outside

of incorporated cities and villages. (Upon petition of street or
highway authorities of any incorporated city or village, the Michi-
gan Public Utilities Commission is empowered to order approach
warning signs erected at any or all of the grade crossings of streets

or highway with railroads in the city or village under the same
stipulation of the Act). The street and highway authorities of the

state and respective municipalities shall provide and erect wood or

iron posts not less than 500 feet nor more than 600 feet from the

nearest rail of the crossing, and shall have the above discs securely

fastened to them, and shall renew and maintain the signs at their

expense. The railroad shall forfeit $50.00 to the State for neglect-

ing to comply with the provisions of the Act at each crossing.

Virginia—Except in cities and incorporated towns, steam rail-

ways, on which trains other than purely local are operated, shall

erect and maintain at highway-railway crossings at equal elevation,

a sign visible for 100 feet on each side of the tracks, with the words
"Slow Down—5 miles—Va. Law." Acts of 1926—Chap. 474, Sec.
5-c—Senate Bill 104).

Flashing Lights

1507. Flashing Lights shall conform with Plan No. S-463 (basic num-
ber). They shall be used instead of annunciators or the automatic bell,

except as the latter may be ordered by local authorities.

Crossing Gates

1508. Protection by flashing lights is preferable to that by crossing

gates, but where the latter are required they shall be operated under the

instructions of the state, municipal or local authorities in the several places.

(a) Gates shall be painted as per Plan No. 78320 (basic number).
(b) At night each gate shall have fastened to it a lamp dis-

playing red light guided by ray-directing shields towards the high-
way travel.

1. Oil lamps shall be of the design made by:
Adams & Westlake Co.—No. 1120, or
Handlan Buck Mfg. Co.—No. 167.

2. Electric lamps of the Everett type.
, ;
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Note 3. The Illinois Commerce Commission requires that gates

installed after Jan. 1, 1923, shall be maintained and operated for

the full period of each twenty- four (24) hours, provided in cases

where it is absolutely certain that there will be no traffic on the rail-

road for a period of at least six (6) hours in any twenty-four (24)

hour period the gates in such cases may be left without an attendant

and operated only during such periods in the twenty-four (24) hours

as trains are in operation.

Highway Crossing Watchmen

1509. Wherever crossing gates are installed, crossing watchmen are

necessary for their operation, either singly or in groups from a central

station. Watchman may be required also for crossing protection where

there are no gates. In both cases, the signal equipment, conforming with the

requirement of the "Book of Rules," Rule 832, shall be:

(a) A "Stop Sign," as per Plan No. 78315, (basic number),

for use in day-light.

(b) A hand lantern, Adams & Westlake No. 250, equipped with

red globe and ray-directing shield for use at night, except where

gates with oil lanterns are installed.

(c) A red flag of standard material and dimensions.

Whistle or Ring Signs

1510. Whistle or Ring Signs, illustrated by approved plan No. 184089

(basic number), must be placed and maintained for both directions of rail-

road traffic as required by law.

Overhead Obstructions

1511. Warnings for overhead obstructions shall be placed and main-

tained in good condition, as required by standard plan.

Conflicting Sigrns

1512. (a) In Illinois, no advertising or other signs shall be placed

upon the highway or upon the railroad right-of-way within fifty (50) feet

of any sign required by law to be placed at or near grade crossings, and

it is unlawful for any person, firm or corporation to place, or cause to be

placed, any sign at a public highway within a distance of 300 feet of any

grade crossing, except signs or signals for their protection.

(b) Under the New York Railroad Law, Section 53-A, "the erection

and maintenance in the highways of any sign or signs other than said ap-

proved warning signs may be prohibited by any such municipality, political

sub-division or state commission of highways within 300 feet of any such

crossing."

(c) In other States an effort should be made to have conflicting signs

eliminated.

Exceptional Regulations

1513. When municipal authorities enact regulations which would ren-

der one or more of these practices null and void or modify them, such

changes in practice shall be provided for with the co-operation of the Gen-

eral Manager and Chief Engineer.
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Conduct of Work
1514. Work on public streets, roadway crossings and highway bridges

shall be done with the least inconvenience possible to the highway travelers.

Care must be taken to protect the work in compliance with safety and the

law, and if necessary to construct temporary foot-walks or driveways they

must be kept in safe condition.

Track Circuits

1515. Great care must be used in the maintenance of track circuits for

bells, signals and lights. Accumulation of dirt and cinders close to the

rails, or around the connecting wires, must not be allowed. Unavoidable

interruptions of the circuit must be as brief as possible.

Letter of General Practice No. 158-

A

Philadelphia, October 28, 1926.

Subject: Highway Crossing Signs—Plan No. 78300-A.

Messrs. C. S. Krick, E. T. Whiter, T. B. Hamilton, M. C. Kennedy, Vice-

Presidents; S. Porcher, General Pitrchasing Agent; C. D. Young, Stores

Manager.

Gentlemen

:

1. This Company operates main tracks crossing public highways at

the same elevation in twelve States and the District of Columbia, and has

been required from time to time to use nine different varieties of highway

crossing signs.

2. The question of sufficient modification to enable us to reduce the

number has been laid before the public authorities in charge of highway

crossing protection in all of them with the result that the accompanying

standard plan has been drawn up and received their assent for use under the

conditions named for certain modifications for different States of the Public

Service Authorities and is now issued herewith as Plan No. 78300-A for

unified use within the Regions of the Pennsylvania Railroad.

3. The main tracks of the Pennsylvania Railroad cross about 13,300

public highways at the same elevation, and this type of sign is already in

use by this Company in the States of Ohio, Indiana, Illinois, Michigan, Ken-

tucky, West Virginia, western part of Pennsylvania, having about 7000

of the crossings, and in addition a sign very closely similar to it is also

in use at the crossings in the remainder of the States.

4. The same type is in use also by several other railroad systems.

5. We believe that signs should not be placed in the center of the

highway unless some unusual condition requires it, under which may be con-

sidered orders from officers of public authority over highways.

6. The following plans of limited scope heretofore in use are now
withdrawn.

Former plan of the Pennsylvania Lines West of Pittsburgh—No. 19050,

April, 1919, entitled "Standard Highway Crossing Signs."

Former plan of the Pennsylvania Railroad—No. 60244, November, 1912,

entitled "Crossing Signs."

Correct

:

<j^ Approved

:

W. C. CusHiNG, , A. C. Shand,
Engineer of Standards. Chief Engineer.
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Mr. C. W. Baldridge :—I notice on page 262 of this report, Article 2

near the middle of the page gives the number of crossing watchmen which

have been dispensed with during the past year.

I should like to ask the Committee if they have any information as to

how many of those crossing watchmen were eliminated by the elimination

of grade crossings and how many were dispensed with due to the adoption

of other forms of crossing protection. Do you have that information?

Mr. F. D. Batchellor:—We were unable to get any information of

that kind. It would have been very valuable information could we have

secured it.

Mr. T. E. Rust:—The next and final subject on which the Committee

is presenting the report this year is, Study and report on (a) Laws and

regulations affecting the apportionment of federal aid; (b) the proper

form and character of division of costs of separation of grades as between

the railway, state, county, municipal or other corporation. Mr. A. B.

Griggs, the Chairman of the Sub-Committee, will present the report.

Mr. A. B. Griggs (Atchison, Topeka & Santa Fe) :—The report of

the Sub-Committee appears on pages 270 and 271, of Bulletin 292, under

Appendix D. The subjects assigned were just stated by the Chairman, and

under the first item we have summarized the Acts of the Federal Con-

gress relating to the subject, there being sixteen separate Acts. The
Acts applying to the same appear on pages 270 and 271.

In order that the Corrimittee might be informed as to the legal status

of the Federal Aid Acts, an inquiry was directed to the legal departments

of railways. The matter was referred to the Western Conference of Rail-

way Counsel. The questions submitted were

:

Question No. 1 : Is there any provision in the Federal Act requiring

the states to apportion any part of the state quota of funds secured from

Federal Aid to grade separation projects? The answer to this question

was No.

Question No. 2 : Is there any provision of the Act which railway com-

panies can use to compel, through legal proceedings, the state to apportion

a part of the Federal Aid allotment to a particular grade separation project?

The answer to this question was also No.

Question No. 3 : Is there any provision of the Act that would pro-

hibit the state from allocating a part of its Federal Aid allotment to a

particular grade separation project? The answer to that was No.

Following that is a resume of the replies from the state public utility

commissions and the engineering departments, which appears on pages 273 to

280. Under the second item, according to our assignment, see page 280,

the report summarizes the condition as it has found it and draws conclusions

as stated on page 281

:

"The conclusion of the Committee is that the question of Federal Aid

with reference to grade separation is at present in such shape that the

state authorities can so handle the matter as to entirely eliminate the rail-

roads from any participation in the benefits of its use and that this situation
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can be remedied only by legislation or possibly by changes in the regulations

promulgated by the Federal authorities governing this matter.

"It is apparent that by the use of Federal Aid to reduce the cost to

the railroads of grade crossing elimination the progress of such elimination

will be greatly stimulated, inasmuch as one of the greatest handicaps to

such work is the enormous aggregate expense to the railroads."

Since the publication of the Bulletin the Committee wishes to revise

the third paragraph of the conclusions as follows:

"It is the recommendation of this Committee that proceedings should be

undertaken along the channels and through the personnel available to the

railroads acting together as best adapted to secure such changes in existing

regulations or such further legislation, if any, that may be necessary to

secure such application of Federal Aid funds to grade separation work as

appears to be equitable to the railroads as set out in this report."

The President :—This report is offered as information. Is there any

discussion on this subject? It is a very important subject and a great deal

is involved. We will be glad to hear from you on the subject.

Mr. J. P. Hanley (Illinois Central) :—I have listened to Mr. Griggs'

statement, and I gather that there is nothing in any of the acts either for or

against the apportioning of certain funds to the railroads in the separation

of grade crossings. What I would like to ask is if that matter has ever

been brought before the courts, or if any of the courts has made a decision

on it. It appears tliat a separation of grade crossings would be of mutual

benefit not only to the highway commissions but also to the railroads, and

that common equity would indicate that some division of the expense should

be made. I would like to ask if that matter has ever been decided in court.

Mr. A. B. Griggs :—The funds that we speak of and that are discussed

in this report are only the Federal Aid funds. We do not know of any

decision by either state or Federal courts with respect to the question raised

in our report. However, the unanimous consensus of the legal departments

of the railways is as stated here, that the states, or rather the railroads can-

not force the states to handle their funds other than they see fit.

Mr. Robert H. Ford:—The situation can perhaps be best expressed by

the fact that most of our existing statutes are of the horse-drawn vehicle

age, with vehicle speeds of 4 to 6 miles per hour, whereas present require-

ments are of the self-propelling vehicle age, with vehicle speeds of 25 to 50

miles per hour. Furthermore most of the legislation was placed on the

statute books during the period of adverse railway agitation, when grade

separation was considered as primary obligation of the railroads. It follows,

therefore, that when cases involving apportionment of costs are ruled upcn

by the courts, the decisions are frequently unfavorable to the railroads.

One of our leading Federal highway authorities has recently stated

that one of the most important considerations for public safety in the

United States today is a revision of our statutes in the various slates, so

that the question of apportionment of cost for grade crossing elimination may
be more equitably provided between parties benefited thereby.

Mr L. J. Riegler (Pennsylvania) :— I have had some dealings in con-
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nection with grade crossing separation in Ohio and Pennsylvania. In Ohio

the state authorities have on several occasions taken the position that the

fundamental purpose of Federal Aid is for the improvement and establish-

ment of Post Roads, and for that reason Federal Aid is applicable only

to places where there is a low density of population, in rural districts, and

therefore it does not apply to places where there is a great density of

population as in municipalities. I am wondering if the Committee has found

any such interpretation in the other states.

Mr. A. B. Griggs :—I just want to answer the question. So far as any

information we have developed, we have not found that to be the case. I

think it might be said, however, that there is a little greater per cent of the

total cost of a Federal Aid project allocated to some of our Western states,

like Arizona and Utah and Nevada, than there is in the states of a denser

population. To that extent, what you say is true in your territory, and

only to that extent.

The President:—Are there any other remarks? If there is no further

discussion the Committee is excused with the thanks of the Association for

the collection of this large amount of valuable data, which is of great

importance to all of us. (Applause.)



DISCUSSION ON ECONOMICS OF RAILWAY LABOR
(For Report, see pp. 283-298)

(Second Vice-President W. D. Faucette in the Chair.)

Mr. C. C. Cook (Baltimore & Ohio) :—Report is made upon each

of the subjects assigned with the exception of the last one, which is equating

track values for labor distribution. Simply a progress study was made on

that subject.

Under Appendix A there was a slight change in the revision of the

Manual suggested and approved by the Committee. Paragraph 4 in the

Manual at present reads as follows

:

"Employees should be encouraged to seek further education from out-

side sources on general principles of railway operation, such as through

correspondence, night schools, and periodicals on railway maintenance."

The last word, "maintenance," was changed to "subjects," and add the

words, "and membership in railway clubs and associations."

The revised paragraph now reads : "Employees should be encouraged

to seek further education from outside sources on general principles of

railway operation, such as through correspondence, night schools, periodicals

on railway subjects and memberships in railway clubs and associations."

I move you, Mr. President, that that change be accepted.

The Chairman:—Is there any discussion on the motion?

(The motion was carried.)

Mr. C. C. Cook:—Appendix B, extent to which it is practicable to

stabilize employment in the maintenance of way department in the interest

of efficiency, and the necessary measures thereto, will be reported on by Mr.

Lem Adams, Chairman of the Sub-Committee.

Mr. Lem Adams (Union Pacific) :—The report of this Committee will

be found in Bulletin 292, pages 285 to 298 inclusive. For convenience this

subject was divided into three separate items as follows

:

(1) The equalization of expenses.

(2) The determination of the extent to which the maintenance of

uniform forces is justified.

(3) The effect of stabilization of employment on uniform purchases

of materials and their costs.

Report on the first subject will be found in the Proceedings of the

A.R.E.A., Volume 27, page 1010, from which the following conclusion

was drawn : "The equalization of expenses permits work to be done at the

most economical time, seasonal and traffic conditions considered. It also

prevents the distortion of operating ratios, while by its application more

uniform forces may be employed in maintenance of way work, thereby

tending toward stabilization of forces."

The second subject, namely, the determination of the extent to which the

maintenance of uniform forces is justified, has been intensively studied by this

Committee during the present year, and I believe that you will obtain some

1313
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startling information if you will analyze the turnover as indicated from

your labor payrolls, and in this connection especially call your attention

to the paragraph at the bottom of page 285.

Our conclusion on this subject is as follows: "In consideration of the

ultimate economy of building a strong personnel of labor forces and the

immediate economy of holding experienced men in maintenance of way

service, as much work as is economically possible should be done in the

winter, thus stabilizing forces."

The third subdivision of this general subject is the effect of stabiliza-

tion of employment on uniform purchases of materials and on their costs.

In its report a year ago this Committee also reported on this subject,

from which we draw the following conclusion: "Minimum cost is secured

through uniform productions ; reductions in manufacturing costs are directly

reflected in prices charged the railroads ; stabilization of forces with the

resulting increase in the uniformity of use of materials will lead to savings

in the cost of materials over and above the savings effected directly through

the increased efficiency of the forces."

I, therefore, move that these three conclusions relating to the stabiliza-

tion of employment in the maintenance of way department be approved

for publication in the Manual.

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) :—The state-

ment, given by the Committee, beginning at the bottom of page 285 and

ending at the top of page 298, in which they have analyzed the turnover

of labor in the summer months as against the turnover of labor in the

winter months, shows that the turnover of labor in the summer months,

when all of the temporary jobs as now considered are being filled, is seven

to one, and that the turnover of labor in the winter months when those

temporary jobs are supposed to be out of service and only the all-the-year

men are at work is five and one-half to one.

I cannot enthuse very much over the idea that we are getting any

benefit out of the winter work if the turnover in winter time, with only

the supposed to be permanent jobs to be filled, is five and one-half to one

as against seven to one in the summer time. I do not believe the Com-
mittee have made good their conclusions.

Mr. Lem Adams :—While we do not consider that the ratio between

summer and winter employment was very great, with a differential of two

men per section, when applied to all sections on all of the railroads in the

United States and Canada it would represent quite an army of men.

We offered this information simply to show some of the wide var-

iances actually experienced, but it was impossible to go through all of the

data assembled for the purpose of obtaining the detail for this report.

However, as I mentioned a while ago, if any of you are at all skeptical

about what your labor turnovers are and would like to get some first-hand

information, I suggest you analyze some of your section labor payrolls.

Mr. Robert H. Ford (Chicago, Rock Island & Pacific) :—I think we
all appreciate the difficulty that the Committee would have in undertaking
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to analyze figures of this character where there are so many variables

all over the country, and I have a great deal of sympathy with the Com-
mittee in endeavoring to do that.

I am wondering, however, if the Committee has taken some specific

cases, as, for example, a railroad where practically all of their maintenance

expenditures were equalized over the year and compared it with a railroad

where they had little or no equalization of expenses. If they did that it

might develop some interesting information. It might show, for example,

fo what extent there is real economy in the equalization of expense. It

might also show whether or not there may be some relation to this question

of the labor turnover and this question of expenditures.

That is merely a suggestion, because I appreciate what the Sub-
Committee has said that when this is taken from the country at large it

means a tremendous amount of detailed information and from which any

conclusion that may be drawn may be so general as to meet the objection

that Mr. Baldridge has raised.

Mr. Lem Adams:—The point just raised by Mr. Ford is a very good
one.

We did have occasion to analyze in a small way the labor payrolls of

a few railroads that have comparative stabilization and the results shown
from those analyses were that their turnover was less than three and one-

half to one, which I think is another very strong point to bring out in con-

nection with this report.

The Chairman:—Is there any further discussion on the motion? If

not, the motion before the house is the matter of adoption of three con-

clusions on pages 285 and 288.

(The motion was carried.)

Mr. C. C. Cook:—Report on subject 3, economy in use of labor-saving

devices, will be presented by Mr. G. M. O'Rourke, Chairman of the Sub-
Committee.

Mr. G. M. O'Rourke, (Illinois Central) :—Appendix C, report on

economy in use of labor-saving devices, will be found on page 289, Bulletin

292.

Assuming the report has been read, the Committee considers it un-

necessary to make detailed review on ballast cars, unloading and distrib-

uting devices, cleaning ballast, tie tamping, dressing ballast, track liners,

and directs attention to the conclusions at the bottom of page 293:

"1. The economy in the use of special equipment ballast cars, ballast

cleaning devices, ballast shoulder shaping devices, tie tampers and track

liners has been demonstrated and their use recommended.
"2. It is the recommendation of the Committee that investigations

along these lines be continued, a small number of labor-saving devices

being selected for detailed study each year."

Tabulated data are shown in the addenda to this Appendix.

The Committee is aware that the subject has been assigned to various

committees in the past and submits this as a progress report only.
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The Chairman:—If there are no questions on the matter of Appendix

C, page 289, we will pass to the next subject.

Mr. C. C. Cook:—Subject 4, methods of maintaining motor cars. Mr.

F. M. Thomson, Chairman of the Sub-Committee, will present the report.

Mr. F. M. Thomson (Missouri-Kansas-Texas) :—Report on methods

of maintaining motor cars will be found on page 296, Appendix D. The

Committee has two correlated subjects assigned

:

1. Rules for care and operation of motor cars. 2. Standardization

of motor car parts.

The Committee has redrafted and revised the rules in the Manual for

the operation of motor, hand, velocipede and push cars and has also drafted

twelve new rules for the care of motor cars. These revisions and new

rules were presented to Committee XII—Rules and Organization, and their

approval secured.

The rules for the care and operation of motor cars will be found on

pages 296, 297, and 298. For convenience, both the numbers as given in

the 1921 Manual and in Bulletin 279 of September, 1925, precede each rule.

On the standardization of motor car parts the Committee is only re-

porting progress. The Committee is working with the engineer represent-

atives of the motor car manufacturers in the development of the standard-

ization of motor car parts, and anticipates results from its efforts through

that channel.

The conclusion of the Committee is at the bottom of page 298: "Your

Committee recommends the adoption and printing in the Manual of the

revision of the rules for the operation of motor, hand, velocipede and push

cars, and also the twelve new rules submitted for the care of motor cars.

"Progress is reported on the subject, standardization of motor car

parts."

I therefore move the Association adopt and print in the Manual the

revision of the rules for the operation of motor, hand, velocipede and push

cars, and also the twelve new rules submitted for the care of motor cars

;

and that the report on. standardization of motor car parts be received as

information.

The Chairman :—It has been moved and seconded that that part of

Bulletin 292 appearing on pages 296 to 298 inclusive be approved for

printing in the Manual. We will not read the detail of these rules, but will

present the question as a whole.

Mr. W. C. Barrett (Lehigh Valley) :—I did not want to raise any

question as to the authority of this Committee to report rules. I think you

will find these rules will be reported by Committee XII—Rules and Organ-

ization. I wanted to raise the question whether this Committee wanted to

have them printed twice

The Chairman :—These rules will be printed in the Manual under the

chapter on Rules and Organization.

Any further discussion on the motion before the house?

(The motion was carried.)
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. The Chairman :—The Association thanks the Committee and dismisses

it. It has done splendid work and we appreciate very much what they have

done. (Applause.)

Mr. E. E. R. Tratman (Engineering News-Record—by letter) :

—

In the description of the track sweeper in the Committee's 1927 report (Bul-

letin 292, page 291 ) it would be well to explain that this machine merely

cleans the surface of the ballast. All the other machines mentioned are

intended to clean and remove all dirt in the ballast, down to the roadbed.

It is true that this difference is fairly obvious, but in view of the favorable

opinion given by the Committee it might be well to explain that there is

this very important difference between the track sweeper and the ballast

cleaning devices.



DISCUSSION ON ECONOMICS OF RAILWAY
OPERATION

(For Report, see pp. 471-556)

Mr. James M. Farrin (Illinois Central) :—Committee XXI has six

items to report upon. The various Chairmen of Sub-Committees will

report on their respective subjects.

The first report is No. 2, method of increasing the traffic capacity of a

railway. Mr. M. F. Mannion will report fdr this Committee.

Mr. M. F. Mannion (Bessemer & Lake Erie) :—The subject is increas-

ing traffic capacity. The Committee has continued its policy of making

study of specific improvement to determine benefits derived. The past year's

work involved study of two double-track installations, data for which is not

in shape for presentation. The Committee therefore reports progress and

recommends that the subject be continued.

Mr. James M. Farrin :—Appendix B, methods of analyzing costs for

the solution of special problems, including the study of the costs of starting

and stopping trains. Mr. Mannion will report on this subject also.

Mr. M. F. Mannion:—The report of the Sub-Committee No. 3 is found

on page 473 of the Bulletin.

The Sub-Committee continued its efforts to develop a method of deter-

mining the cost of stopping and starting trains and presents the results

that have been deducted from analysis of the expense items incident to

train service.

On page 473 we find the different items of expenses which are involved

in starting and stopping trains. You will note the different items of wages,

locomotive and car repairs, depreciation, etc., are based on the time lost and

that the remaining expenses are considered on the basis of additional amounts

used on account of train stop as compared with a non-stop train.

The Sub-Committee confined its study to through freight train opera-

tions only.

The elements of cost were studied in connection with the study made

on the large number of dynamometer records which were maintained on

the Chesapeake & Ohio during the fall of 1925. These tests were made
in through freight service with full tonnage trains using Mikado locomotives

of 67,700-lb. tractive effort and on grades ranging from to 1.25 per cent.

Page 475, under (A) shows the analysis of wages of enginemen and

wages of trainmen. The Committee feels that there is no expense in con-

nection with the wages of train crews unless the rtm exceeds the minimum
day.

(B) Fuel for locomotives, on page 475. The discussion on fuel runs

from page 475 to paragraph 23 on page 483. The diagrams from pages

488 to 512, inclusive, are plotted from the data and formula which are

explained on these pages. These formulas are based on two weights of

cars, those under fifty tons and those over fifty tons. The formulas were
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worked out from actual data derived from the dynamometer tests taken on

the Chesapeake & Ohio.

Paragraph 23 on page 483 is a concrete example showing how the

formula can be applied. Paragraph 25 on page 483 shows the actual time

lost from actual tests. Paragraph (C) on page 484 shows the calculations

in connection with water for train locomotives. Paragraph (D) is an

explanation of the cost of lubrication for train locomotives. Paragraphs

(E) and (F) on page 485, other supplies for train locomotive accounts.

Paragraph (G), locomotive repairs. On page 486 is an example showing

the cost of coal under paragraph B-23 and on page 486 under (H) it goes

into detailed discussion on the cost of freight train cars—repairs, freight

train cars—depreciation and retirement accounts. On page 487 we have

an example and also the summary.

The Sub-Committee recommends that this report be accepted as infor-

mation and that the Committee be instructed to thoroughly re-edit the report

for publication in the Manual next year.

The Chairman :—It has been moved that the report beginning with

Appendix B on page 473 to page 512, inclusive, be put in the Manual as

recommended. This is to be published in its entirety and as stated in the

motion, if approved, the information is to be re-edited.

This report has taken considerable work extending from two to three

years by a very active Committee. We are very sorry Mr. Teal could

not be present with the rest of the Committee. Is there any discussion

on its inclusion in the Manual?

(The question was put to a vote and carried.)

Mr. James M. Farrin :—The next subject is continue study of methods

of operation by which the intensive use of facilities may be secured. Mr.

Howson will report on this subject.

Mr. E. T. Howson (Railway Age) :—The members of this Sub-Com-
mittee and of the Committee as a whole have had some difficulty in drawing

a line of demarkation between the assignment to this Sub-Committee and

that to Sub-Committee No. 2 and we have not been able to get a great

deal of light on it from the Board of Direction. We have, therefore, tried

to develop a division of our own and have decided within the Committee

that Sub-Committee No. 2 would consider those methods which involved the

expenditure of considerable sums of money and Sub-Committee No. 4 those

other methods by which capacity can be increased without spending much
money. We found the latter assignment a rather difficult task.

We have started preliminary investigations on two subjects. One is

the influence of the use of the No. 19 train order in place of the No. 31

order in promoting train movement, and the Committee is planning to make
a somewhat detailed study of the influence of that expedient on one or

more roads this year.

It has also undertaken in a preliminary way the investigation of the

methods by which the two Canadian railways increase their operating

organization to handle the peak wheat movement in the fall of
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each year. Train sheets have been secured from the Canadian Pacific and

are now being studied, and it is expected that similar data will be secured

from the Canadian National.

Both of these studies are still in the preliminary stages and the Com-

mittee can only report progress at this time.

The Chairman:—If there are no questions on Appendix C, it will be

received as a progress report.

Mr. James M. Farrin :—No. 5, continue study on development of suit-

able units for comparing costs of operation and equipment maintenance.

In the absence of Mr. Cunningham, I will ask Mr. H. C. Crowell to present

this report.

Mr. H. C. Crowell (Pennsylvania) :—Those of you who know Pro-

fessor Cunningham reaHze the handicap under which anyone labors who

tries to substitute for the Professor in discussing railway operating sta-

tistics. Virtually 100 per cent of the work of this Committee has been done

by the Professor. The Committee, however, will, in his absence, endeavor

to answer any questions on this subject.

The report is divided into two parts. First are listed the various operat-

ing statistics, unit costs and traffic factors, and then beginning with page

517 are the explanations of these items. The items themselves are divided

into three parts. First, physical performance units are shown on page 515.

These are strictly railway operating statistics in which the dollar mark

does not appear. Then on page 516 we have unit costs, and on page 517

we have traffic factors with revenue and income statistics. Under each of

these heads there are sub-heads, such as railway operating statistics based

on train service, locomotive service, car service, fuel performance, engine

house service and yard service. Almost all of these statistics can be obtained

from the records that are currently kept by the railroads in accordance with

the requirements of the various commissions.

Possibly item No. 78 on page 517 may require some explanation. This

item cannot be obtained from anything that is on record. It is really the

sum and substance of the entire aggregation of statistics that have pre-

ceded it. It is what we should try to get and may get eventually, if we can

get our statistics in the shape we would like to have them without too

much expense.

This report is a progress report submitted merely as information.

The Sub-Committee requests that the subject be continued next year.

The Chairman:—You have heard the report on Appendix D. If there

is no question to be asked, we will now pass to Appendix E on page 525.

Mr. James M. Farrin :—No. 6, study the problem of determining what

volume and service conditions in any given yard will justify a change from

flat switching operations to the hump method, collaborating with Committee

XIV—Yards and Terminals. Mr. Scholes will report on this subject.

Mr. R. T. Scholes (Chicago, Burlington & Quincy) :—As most of you

will recognize, this is rather a large subject and the preliminary studies

made to date seem to signify that very few of the railroad companies have
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any definite data on this particular subject as to when it is necessary and

what volume of traffic is necessary to change from a flat switching yard

to a hump switching yard. Recognizing this feature, the Committee pre-

pared a questionnaire, shown on page 525, and has sent it out to a selected

number of railroads throughout the country. Two or three replies have

been received to this questionnaire, but the Committee thinks it should not

do anything towards working up the data until replies are received from a

larger representative number; we therefore report progress and request

that the subject be assigned for future study.

Mr. Robert H. Ford (Chicago, Rock Island & Pacific) :—I think one of

the reasons why the Committee has not received many replies to its

questionnaire is the changing condition brought about by the car retarder.

The Rock Island had occasion last year to make an intensive study of its

major yards, and in that connection, has made a study of about eight yards

throughout the country. We were impressed with the fact that what was

economical and advantageous under some conditions on the property was

very largely changed when the car retarder was introduced.

Perhaps the Committee may well consider a review of its question-

naire to bring out the fact that the data should be separated to show the

reasons why it reports as it does on the apportionment of the cost of

changes where the car retarder is not used.

Mr. James M. Farrin:—In answering Mr. Ford, I would like to tell

him that the Committee recognizes the influence of the car retarder, and

that in this questionnaire the question of the use or non-use of car retarders

was included. I have made several studies of hump yards personally, and

have found that in every case the retarder operation was the cheaper, but

there is one disturbing influence that has come into this study ; we have

run across two cases where hump yards have been constructed and later

taken out. So I do not believe we should jump at any conclusion as to

whether the hump yard is a proper thing or not. Sometimes it is, and

sometimes it is not. The studies made to date seem to indicate that when

the volume of cars reaches about 1500 per day, you are going to exceed

the capacity of a flat yard, whereas a hump yard will probably take care

of about 2500 a day, working three shifts. Sometimes you can beat 2500,

but day in and day out we find that 2500 is a pretty good volume to put

through any one yard. But those conclusions are not definite at the present

time.

The Chairman:—If there is no further question or comments in regard

to Appendix E, we will now have Appendix F on page 527.

Mr. James M. Farrin :—Study the problem of branch line operation

ns affected by the introduction of motor trucks and bus lines. This is a

right live subject, and will be presented by Mr. Crowell.

Mr. H. C. Crowell :—This subject was assigned last year, and this is the

first report, merely a progress report. The subject might be briefed by

calling it "The Branch Line Problem." I think those of us who have had

to do with the solution of this problem realize that it is a real live problem,
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and in recent years it has been complicated, of course, by the passing of

the Transportation Act and the legal requirements that have followed that

act, as well as by the introduction of motor trucks and bus lines within the

last three or four years.

On page 529 there is a tabulation of revenue passenger statistics for

first-class railroads, covering the period from 1916 to 1925. I think that

while the figures are not new, they are set up in a little different form than

usual, and possibly you will be interested in looking them over.

On page 533 we have discussed the effect of highway transportation on

rail traffic, and then on pages 534 and 535 have outlined what in our opinion

is the field of the motor coach and the field of the motor truck. The Com-
mittee perhaps has taken a little liberty with the subject in going into all

phases of the branch line problem.

On page 535 we have discussed the occasional necessity for the aban-

donment of branch lines, how to determine when they should be abandoned,

and the procedure to use in order to get them abandoned. We have sug-

gested on page 538 that any railroad that wishes to make a real study of

the branch line problem should have a committee appointed representing all

of the major departments of the railroad, and make a thorough study, be-

cause if you do not make a thorough study you will never get a permit for

abandonment from the Interstate Commerce Commission. The form of

report to be submitted by the committee is suggested on pages 539 and 540.

On page 541 we discuss the" operation of rail motor cars, and on page 542

the operation of motor coaches, variously known as buses and stages. We
have listed at the bottom of page 543 some of the railroads that are now
using highway transportation.

There are certain reasons for retaining a branch line, even though it

may be a notorious loser. Some of these reasons are given on page 544 and

two of them, the future value and the feeder value, are discussed in detail

on page 545.

We have taken up the legal aspect of abandonments on page 546, and

as an indication of the attitude of the various commissions, especially the

Interstate Commerce Commission, toward branch line abandonment, we
have quoted from some of the recent decisions. There is a short paragraph

on Interstate and Intrastate Regulation of motor transport on page 549.

The determining of net profit or net loss on a piece of railroad, especially

where that piece of railroad is not an accounting division of the carrier, is

a mathematical and accounting problem of considerable difficulty. We have

segregated our discussion on this accounting problem on pages 551 to 556.

We have taken it out of the body of the report because most of you will

probably not care to enter into the discussion of the accounting problems

that must be met by somebody in presenting a branch line abandonment

proposition.

This progress report is presented merely as information.

The Chairman :—You have heard the reading of Appendix F in the

matter of motor trucks and bus lines. Are there any questions to be
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asked the Committee in regard thereto? It is needless to say this is a

vital question to the entire transportation world, and it is hardly necessary

for me to say that this Committee as a whole has done splendid work, and

the Association congratulates the Committee and all of its Sub-Committees

on what it has done.

I want to take the occasion to ask every member who has not had

time to study the Bulletin to please go over it carefully. We believe it

will be very illuminating and very helpful. The Committee hopes next

year to make several completed reports and especially the one on the bus

lines. With the thanks and congratulations of the Association this Com-
mittee is dismissed. (Applause.)



DISCUSSION ON ECONOMICS OF RAILWAY
LOCATION

(For Report, see pp. 785-837)

(Second Vice-President W. D. Faucette in the Chair.)

Mr. F. R. Layng (Bessemer & Lake Erie) :—The first portion of the

report to be presented is Revision of the Manual, and I will ask Mr. Searls,

Chairman of the Sub-Committee, to present it.

Mr. H. C. Searls (Missouri Pacific) :—The report of the Committee

on Revision of the Manual covers only a few minor matters. The Com-
mittee gave consideration to revisions which it thinks should be made, but

until the studies which are now under consideration are completed, it was

decided to present only the changes which are set out in this report.

By referring to pages 786 and 787, in Appendix A, you will find the

recommendations of the Committee.

R— E
On page 800 of the Manual, paragraph 3, in the formula, =p,

C
the definition of (/>) was omitted in the second revision as given in Bulletin

257. It is recommended that the definition in Bulletin 252, which is also a

revision of the subject-matter as set forth in the Manual, should be adopted

and the definition be, "Percentage of income on investment." It is recom-

mended that this be added to provisions as set forth in Bulletin 257.

On page 801, paragraph 6. Present reading : "The engine district should

be sufficiently long to obviate constructive mileage and short enough to enable

the maximum slow freight train to make the run within the hours of service

required."

In view of the growing practice of extending engine runs over two or

more service districts, it is recommended that the following sentence be

added: "Consideration should be given to the extension of engine runs over

two or more service districts and provision should be made therefore in the

determination of engine service limits."

Page 801, paragraph 9, sub-paragraph (a). Present reading: "The

necessity and cost of breaking up trains where the rate of ruling grade

and adjoining districts varies."

Proposed reading : "The necessity and cost of breaking up trains where

the rate of ruling grade on adjoining districts varies." That merely changes

the word "and" to "on."

Page 801, paragraph 9, sub-paragraph (h). It is recommended that

sub-paragraph (h) be added reading as follows: "(h) The possibility of

extending engine runs over two or more service districts."

Page 804, paragraph 14. Present reading : "Distance afYects train wages,

line resistance, maintenance of way and maintenance of equipment. The
efifect of distance on line resistance will be found in the fuel account. The
efifect of distance on train wages can be computed on a direct train mile

basis."

1324
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Proposed reading : "Distance aflFects train wages, line resistance, main-

tenance of way and maintenance of equipment. The effect of distance on

line resistance will be found in the fuel account. The effect of distance

on train wages can be computed on a direct train mile basis except where
arbitrary mileage allowances for a day's run are made."

Table 2 on page 808 of the Manual, has been supplemented by tabulations

as shown here to cover locomotives with the larger diameter of cylinders.

On page 815, it is recommended that additional space be left between

the third line from the top of the page and the fourth line reading as

follows: "(2) Numerous tests demonstrate, etc." This will indicate clearly

the change in subject-matter as between that to which paragraph (1) relates

and that contained in paragraph (2)..

Mr. Chairman, I move the adoption of these recommendations.

Vice-President Faucette :—It has been moved and seconded that Appendix

A, pages 786 and 787 be approved and placed in the Manual. It is a very

important matter and we would be very glad to have any comments or

discussion on this motion and action. We would be glad to hear from

Mr. Ford.

Mr. Robert H. Ford (Chicago, Rock Island & Pacific) :—I regret that

I am not sufficiently informed on the Committee's report, which I know
is a very excellent one, and I beg their pardon for my ignorance.

The introduction of the electric locomotive brought into consideration

three phases that strike me as railway location. It seems to me that in

all the actions that I assume the Committee has taken in their considerations,

the question of electric operation and future grade reductions has not been

considered. I am wondering if the Committee in their analysis of this

subject has considered the two possibilities. To amplify what I mean, if we
are to operate on the possibility of electrification in any district, the ques-

tion of grade revision and grade reduction must be treated from a differ-

ent standpoint than if we were to continue with steam operation. I

don't think that was as prominent a few years ago as it is today, and I am
inquiring of the Chairman of the Sub-Committee if in making his report,

he has given that factor consideration?

Mr. F. R. Layng :—That really relates to the next part of our report

rather than to the part just presented, which is the question of changes

in the Manual.

Mr. Robert H. Ford:—I have no objection as to what order it is taken

up, but it occurs to me that it relates to the first subject. However, that

is mere detail so long as I get the answer.

Mr. W. H. Kirkbride (Southern Pacific) :—I am not in a position to

discuss the subject intelligently. I think it has been fully covered by the

Committee so that we can rest assured that their recommendations are

proper to incorporate in the Manual.

Vice-President Faucette:—Mr. Jenkins, have you any remarks?

Mr. J. B. Jenkins (Baltimore & Ohio) :—No. The revisions of the

Manual seem to be simply amendments required in order to clarify certain

matters and make typographical changes and there seems to be nothing to

comment on.
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Vice-President Faucette:—Is there any further discussion in regard to

these particular changes recommended for the Manual, pages 786 and 787?

If there is no question Appendix A, pages 786 and 787, will be considered

adopted.

Mr. F. R. Layng:—We will now pass to Appendix B, page 788. I will

ask Mr. F. E. Wynne to present the economics of railway location as

affected by the introduction of electric locomotives. I might add that the

subject-matter in this Appendix was prepared by Mr. Wynne individually

and is not the work of a Sub-Committee.

Mr. F. E. Wynne (Westinghouse Electric and Manufacturing Com-

pany) :—As Chairman of Sub-Committee No. 3, Mr. Batchelder pro-

pounded four questions which are indicated by the numbered headings in

this Appendix. I shall not take your time to read the Appendix, but there

are several points that I want to call to your attention. The matter treated

here is of a preliminary nature rather than a study regarding the way in

which location may be affected by the introduction of electric locomotives.

In the first four paragraphs under heading No. 1 we have pointed out

the factors in each of the four phases of railway electrification which are

most favorable to such electrification. In the last paragraph on page 788 you

will find this statement: "Every case of proposed electrification must be

analyzed and decided on its merits, because the large number of variables

comprised in railway operation makes it impossible to generalize with

safety." This matter is very important because it is not possible to determine

the value of electrification either by snap judgment or by casual inquiry.

Under heading No. 2 we have submitted a number of characteristic

curves which are shown on the pages following. The last sentence in the

second paragraph under this subject states that "while electric locomotives

develop their maximum output in both tractive effort and horsepower during

starting, they are rated at considerably lower values and their application

must be made with full knowledge of the service conditions." One of the

problems which you have with steam locomotives is to keep them hot, but

it is different with electric locomotives, which require the effective dissipa-

tion of the heat produced by the losses in the electrical equipment.

Under heading No. 3, page 790, the end of the first paragraph concern-

ing costs, reads that "the wide variety existing in each of these elements

and the numerous possible combinations of these varieties make it imprac-

tical to indicate much more than the limits of costs which may be encoun-

tered." You will notice that we have taken up considerable space in just

outlining those limits. It would require a volume to make this complete

and give figures which could be applied definitely under all conditions which

may be met in considering electrification problems. However, on page 792,

the first paragraph reads as follows: "From the foregoing it appears that

even in a preliminary economic study of electrification it is necessary to

make some analysis of present operating conditions and their possible

modification with electric motive power ; to choose tentatively the system of

electrification, a type and size of motive power unit, a type of overhead con-

struction, the number and capacity of substations, and the kind of transmis-
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sion line ; to approximate the energy requirements ; and then to apply the

costs witli discretion."

Under heading No. 4 we have given certain limited information which

applies to both American and foreign locomotives that have been built.

In connection with Mr. Ford's question ; as I understand it, he wishes to

know whether we have taken account of the possibilities of grade reduction

for any case of electric operation applied under specific conditions.

Mr. Robert H. Ford :—In considering the question of grade reduction, has

the Committee considered the possibilities of electric operation? The point

I want to make is that on account of the great increase in traffic, a great

many railroads must reduce their grades. If there is one thing in this

country the railroads can do for the reduction of cost, it is grade reduction

encouraging elimination. It is probably predicated to some extent on the steam

locomotive, but the electric operation introduces an additional factor, and so

it seems to me that there is a close relationship now that we did not have a

few years ago in the question of the possibilities of grade reduction to meet

the conditions which the railroads are now facing. Has the Committee

given any consideration to the question of electric operation in that par-

ticular regard in arriving at their conclusions?

Mr. F. E. Wynne :—Mr. Ford's remarks are quite pertinent, that condi-

tions are different from what they used to be. The Committee has made no

direct comparison between the possibilities of an engine district with electric

operation and with grade reduction.

I might say, just as a matter of information, however, that in a number

of instances both in this country and abroad comparisons have been made in

mountain districts between the costs and economies which could be expected

from grade reduction and those which could be expected from electrification,

and in a number of these instances electrification has been adopted as the

correct solution. In such cases probably, when traffic becomes too great for

the present electrified track, then grade reduction will come.

Mr. Robert H. Ford :—I think there is another factor that the speaker

has not touched upon, and that is that there has been a tendency throughout

the country generally to feel that the next step is electrification. I do not

think that we have taken into consideration fully the great advance in the

improvement of the steam locomotive. I do not think it is a question of dis-

missing the subject merely with the inference that we will not reduce the

grades because we will probably electrify. I hope the Committee during

the next year will study the possibilities of the steam locomotive as

compared with the electric locomotive.

Mr. F. E. Wynne:—Everything that Mr. Ford has said is perfectly true

and I agree that the Committee may profitably follow along the lines which he

has suggested. Steam locomotives have made marvelous progress in the last few

years and we necessarily must compare the performance of modern steam

locomotives in every case with that of modern electrical locomotives, taking

into consideration what can be accomplished by grade reduction in each

instance.

Mr. S. S. Roberts (Bureau of Finance, Interstate Commerce Commis-

sion) :—In the light of the past, I think this Committee should be praised for
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its couragie in offering at this time suggestions for consideration in solving

problems in economics of railway operation, which suggestions may be help-

fully used until more exact methods may be determined. If Engineers in

the past had withheld announcement of their results until these were so

perfected as to be safe in the hands of the ignorant, imprudent or reckless,

there would have been no progress.

Any comparison of the relative economy in moving a given tonnage by

means of different types of motive power presupposes a careful, compre-

hensive determination of all of the costs directly attributable to and arising

out of the use of each type considered.

In contemplating the construction of a new line, which may include or

be a cut-off of substantial length, whether to use in the first instance steam

or electric motive power may be the question. In the case of an existing

line operated by electric motive power, whether to procure more powerful

motors or to reduce gradients, or both, may be the thing to be determined.

In the case of an existing line using steam motive power, whether to procure

more powerful locomotives, or to reduce gradients, or to electrify on existing

gradients, or to electrify and reduce gradients may be the problem to be

solved. Although different, the above questions are related and their answer

rests on the application of the same fundamental principles, which are known
to all who have made any real study of the economics of railway location

and operation, and should be known to all to whom such work may be

entrusted.

Therefore, I cannot quite see the difficulties that some of the speakers

imagine and have raised. It may be that the electric motor, because of

its greater power, or excess power for short periods, would be able to

negotiate a heavy grade which might have to be reduced for a steam locomo-

tive of equal normal power. With this exception, I do not see that the prob-

lem is complicated, and in no case is it seriously complicated when the

characteristics of the locomotive and the motor are before the investigator.

In considering any grade reduction, there is a certain elevation over

which the train must be lifted. It will not take any more or any less work
to lift that train with an electric motor than it will take with a steam

locomotive. The Committee recognized that comparison must be made, and

I agree with it. But I fail to see, as some speakers indicate, that the problem

is so much complicated by the introduction of a consideration of the perform-

ance of the electric motor. The problem is simply made longer and more

tedious thereby. In my opinion, the Committee is making progress.

Mr. Robert H. Ford :—I am wondering whether the speaker has made
any study of results of electricity as to pull. I suppose he has but it is

really an amazing situation. There was a line electrified through the

moimtains for a different purpose altogether than what the final develop-

ment indicated at a greater degree of economy. I know the Committee

must be familiar with it, but it is one of the things that has prompted

my suggestions.

Mr. G. D. Brooke (Chesapeake & Ohio) :—This is indeed an interest-

ing subject. Take the case of grade revision. There are many grades in
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this country which, if reduced, would require such length of tunnels that

the new line could not be operated except electrically. There is one case

in which grade reduction is absolutely dependent upon electrification. It

has always seemed to me that one of the great fields for electrification will

come when another era of building of new lines on this continent, or

some other continent, approaches, when we will be able or the projectors

of the new lines will be able to start with clean slates; in electrifying

existing lines the problem of disposing of the existing steam motive power,

existing shop facilities, and such things, is met with.

If an entirely new Hne is to be built, that problem is not before you, and

I believe that it simplifies the problem which you do have to meet. Take,

for example, a new line, say of 100 miles long, to be built over broken

country, generally laying across the watersheds, which would require a

broken grade line. If the projectors contemplate within a reasonable

future time the handling of the heavy traffic, they would doubtless be justi-

fied in building a comparatively low grade line if steam power had to be

depended upon. That low grade line under the topographical conditions

would be very costly of construction. The stream crossings would doubtless

be high and it would be necessary to build comparatively long tunnels at

the summits or use heavy cuts, and a good deal of the line would doubtless

have to be built on rather high support.

On the other hand, if the line is designed for electric operation, heavier

grades could be used, the stream crossings would be placed as low as prac-

ticable, taking into consideration flood stages of the streams. The summits

could possibly be somewhat higher and in following the tributary streams,

the line could be placed simply above the high water rather than on support.

In that way a great saving in construction cost could be made and the

money thus saved probably could be used in constructing the power lines,

providing the copper and the possible additional cost of electric locomotives.

There would also doubtless be some saving in repair shop facilities. I

believe that here is possibly the greatest application of this particular

phase of the Committee's work.

Mr. W. H. Kirkbride :—I think we should approach this subject of

electrification with a great deal of care and caution. There have been suffi-

cient incidents in the past to show that possibly sufficient attention had not

been given to all of the problems affecting electrification versus steam opera-

tion.

While the previous speakers were speaking, the following points occurred

to me. The previous speaker referred to the necessity of electrification

on account of tunnels. That generally is true, but I have in mind a case in

the construction of a second track and somewhat the relocation of an

existing line, where electrification was avoided by reversing the grade of

the tunnel. In other words, a long tunnel was constructed, with a descend-

ing grade in the direction of traffic, it being recognized that a steam engine

or locomotive even with heavy tonnage can descend down a grade without

creating a gas or smoke nuisance.

I might further say that that tunnel is successfully operated. There is

also this fact that the various legislatures of the states are more or less
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passing laws regulating- the number of cars that can be hauled in a train.

This problem is a fluctuating problem, depending on the attitude of the

politician, you may say, as well as the labor unions. What we have today

we do not have tomorrow. Therefore serious consideration must be given

to the ultimate length of trains or the number of cars in the train.

The question of the cost of fuel is a fluctuating one. We sometimes,

and I presume it is a rather general opinion, think that hydro-electrical

power is very cheap, that it is the panacea for all of our ills in connection

with railroad operation. I believe I am safe in making the statement that

such is not the fact.

In the West it has been proven that due to cheap gas and cheap fuel

oil, you can generate electricity by those fuels as cheaply as you can by

hydro-electric. Obviously, therefore, fuel oil will enable you to operate

your trains by steam locomotives for a very long period until that relative

cost of power changes.

I think we must also give attention to the gas-electric propelled car as

being a possible solution of minor electrifications. The public have a

very peculiar attitude and idea on this question of electrification. Some
way or other they do not like to see a great big, enormous engine hauling

our modern passenger coaches through their cities, and they all cry for

electrification. I at one time asked a man who was offering this as the

solution of certain troubles, the question why he wanted electrification

versus steam operation of trains and the principal reason was, "Well, it

will do away with the whistling of the locomotive."

Mr. J. B. Jenkins:—I think that Mr. Brooke in his remarks referred to

a very much needed grade reduction which would require a tunnel of

enormous length. The question arises : since electrification will be needed

if you make the grade reduction, could not electrification alone accomplish

everything that would be accomplished by grade reduction?

It is not true, as one speaker mentioned, that a summit of a given height

is the same thing for electric locomotive as it is for a steam locomotive. If

there is sufficient density of traffic, the current generated by the train going

down one side of the grade can help tO' lift the train going up the other

side, so that the question of the economies to be introduced by electrification

deserves serious consideration against the economies accomplished by grade

reduction. I, therefore, seconded Mr. Ford's suggestion that this Com-
mittee take up these two questions in their relation to each other. I

think the question should be grade reduction versus electrification.

Vice-President Faucette:—If there is no further discussion on this

particular Appendix, we will pass over to Appendix C on page 809.

Mr. F. R. Layng:—In the absence of the Sub-Committee Chairman, Mr.

Persons, I will ask Mr. Patterson to give Appendix C on page 809. Mr.

Patterson is a member of this Sub-Committee.

Mr. F. L. Batchelder (Copper Range Railroad) :—I will say for the

benefit of the previous speakers that Sub-Committee 3 has had under con-

sideration the development and improvement of the steam locomotive, and

we may be able to make some report on this later. This whole question,
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as I see it, of steam versus electricity is an economic question, a question of

the maximum return on the dollar investment. As Mr. Wynne has stated

here in his paper, every problem must be considered on its own merits.

If the introduction of electric power would enable traffic to be handled

at a lower expense, everything considered, than a grade reduction—that is,

if the earnings are enough greater to more than offset the difference in the

cost of electrification and grade reduction, then electrification should be con-

sidered. But each question must be considered on its own merits, and the

problem of net income is the one which should rule.

In making these investigations, however, an attempt should be made to

reasonably discount future developments. This point has already been

mentioned by Mr. Kirkbride, in connection with cheap fuel that may be

available now but may not be available later. It might be well for the

Committee to try and work out some data as to the physical characteristics

of location as affected by electrification as compared with steam. We have

endeavored to collect some information on this subject but at the present

time we have nothing to report. Some of the questions that have been

brought up I think are covered in Mr. Wynne's paper and have been over-

looked by the speakers.

Mr. F. M. Patterson (Railway Age) :—In presenting this report the Sub-

Committee felt there is very little more to be said than was given in the

matter printed in the Bulletin. While the question is "The relative merits of

a 0.4 per cent ruling grade as compared with a 0.3 per cent grade," it was
felt the matter should not be confined strictly to this question as set up and

that the real problem was to compare the 0.4 ruling grade or any given

ruling grade with the lowest possible grade it was possible to obtain at a

reasonable expenditure.

In the report reference has been made to various improvements and

new devices which have come into use, which have modified much of the old

matter that has been used in computing the costs and advantages to be

gained from grade reductions.

It seems that given the requisite amount of traffic which would justify

grade reduction, the lower limit really depends upon the starting resistance,

and that has been modified and is still being modified by the introduction of

the booster, improved bearings and improved condition of track which

offers less resistance to the trains than poor track, especially in the case of

heavier rail, which experiments and investigations have shown will materially

reduce the train resistance from that which is presented by the lighter rail.

Aside from that the table presented on pages 810 and 811 prepared by

Mr. S. S. Roberts has been given simply as a crude comparison, not to be

used of course, in careful computation, but as a ready means of ascertaining

the relative tonnage for the number of different grades for a given type

of locomotive. For this purpose the table is of sufficient accuracy to apply

tractive power and is merely a ratio for indicating approximately the results

which may be obtained on different grades.

Aside from that I think the Sub-Committee has not anything to offer at

the present time.
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Mr. Robert H. Ford :—I am sorry the Committee did not see fit to •

elaborate a little on that even though it is reporting as information.

The studies made by Mr. Morse, the Chief Engineer of the Rock

Island, on the question of the relative merits of 0.3 as compared with the 0.4

grade, are extremely illuminating. The work on the Castleton cut-oflf of the

Boston & Albany and New York Central, and the work of the Illinois Central

on much the same line is so valuable that I hope next year the Committee

will put that in such shape that the convention may have the result of

that information, if they only report on progress.

Vice-President Faucette :—Is there any further discussion on Appendix

C, page 809? It will be received as information, and we will pass on to

Appendix D on page 813.

Mr. F. R. Layng:—In connection with the remarks of Mr. Ford, we
appreciate very much his suggestions. I am glad he emphasized several of

the larger projects that are now being constructed, or that have just been

put in service. The Committee has found some difficulty in getting the infor-

mation it needs from the members of this Association on some of these

projects, not necessarily the three mentioned but on projects of that character.

In one case it was found necessary in this report to use fictitious names

to illustrate a particular case. The Committee needs your support. This

is a vital question, a very important question, but we will have to get a

great deal of our information from you. We, therefore, appeal to you;

let the Committee have the information that you have that bears on this

subj ect.

The next subject to be introduced by the Committee is Appendix D
on page 813. I will ask Mr. W. L. R. Haines, the Sub-Committee Chair-

man, to present the report.

Mr. W. L. R. Haines (Pennsylvania) :—The subject assigned to the

Sub-iCommittee is entitled "The relative merits of increasing tonnage by

the reduction of ruling grades, or by the introduction of more powerful

locomotives, including consideration of momentum grades and the avail-

ability of the locomotive booster."

The discussion which has just taken place in regard to the relative

merits of steam and electric locomotives well illustrates the thought that

was in the minds of the Sub-Committee in attacking this problem. There

is no such thing as laying down a hard and fast rule, to say there is any

greater relative merit in one or in another method of increasing tonnage,

for all cases. Every case of this sort must be attacked individually.

The Committee therefore did not attempt to work out any formula,

but rather submits a progress report, calling attention to some of the factors

which must be given consideration in each individual case. To further

illustrate the necessity for careful analysis, the report includes an abstract of

two reports covering proposed grade revisions on main trunk lines.

I do not want to take much time in reading this report but I would like

to call attention to some of the factors that must be given consideration.

On page 814 I want to call particular attention to paragraph No. 4.

"A factor of considerable importance, which is frequently neglected, is
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the character of the business handled. This, as well as volume, must be given

consideration."

One of the previous speakers referred to the fact that there was fre-

quently limitation by legislation on the number of cars in the train. It has

been found in some grade revision studies that this is a most important

factor, because, with the modern powerful locomotive on a 0.3 grade, a far

greater number of cars can be handled than existing practice, whether due

to legislation or agreements, will permit. For instance, what we call on the

Pennsylvania the I-ls engine, with 90,000 lb. tractive effort, will haul on a

0.3 grade approximately 150 cars of the average lading which is being

moved over one of our divisions on which grade revision was considered.

On that section of the road the limitation on the number of cars has been,

perhaps arbitrarily, set at 100. That means that on a 0.3 grade, with that

class of traffic, the I-ls engine can haul 50 per cent more cars than the

rules will permit.

On another road, where the character of the traffic would be very

different, the same engine might not be able to haul as much as 100 cars

on a 0.3 grade.

Attention was called in committee meetings to a factor which it

was thought might be of some importance in influencing the manage-

ment of railroads as deciding between grade revision and the use of

heavier power, and that was the relative ease or difficulty of obtaining the

money required. In the majority of cases money for major improvements

must be obtained from outside sources. It cannot be taken directly from

earnings. In the case of heavier power this money can usually be obtained

by issuing equipment trust bonds, which are very attractive to the banking

interests and easily salable.

It is not possible to raise money with equal facility for the financing

of grade reduction problems. I do not make that statement as a fact.

It was merely a point that was brought out in committee meetings, and I am
making it here for the purpose of seeing whether any enlightenment can be

obtained along that point, whether it is the feeling of the Association

that such differences as that are really in existence.

Mr. Maurice Coburn (Pennsylvania) :—I want to apologize to Mr.

Haines because I talked to him about this report last night and since then I

have reread it and have more information.

It seems to me the two methods of analysis presented are dangerous

and should not be published. In this first one no attention is paid to

the time element. When you make a grade change you slow up the

movement over most of the road.

There is only one way to figure that kind of a job and do it right,

and that is to figure the round-trip cost and know how it is affected by the

proposed changes in the railroad.

Another thing that has been left out is the fact that we never g^
100 per cent rating. Our potential is sixty or seventy per cent and we are

lucky if we get that the year round. That affects the result very decidedly.

In making these figures averages which have been used by the account-

ing department for distributing costs over the region are used. Those
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are very misleading. That may be an easy way by the accounting depart-

ment of meeting requirements but they do not tell about the costs what

we ought to know.

As you increase the train load you increase the fuel. In these figures

the cost per train mile is the same for a train loaded up to the limit on a

0.3 grade as for a pusher coming back downhill, light. The fuel cost does

not include the cost of handling the fuel, including freight from the mine.

In the cost of the locomotives used they are comparing the cost to the

railroads. The H-lOs locomotive was built before the war. The N-2s

was built at the height of wartime cost, when the cost of the locomotive

was increased to about three times, although the tractive power is not

increased by a third.

Another thing which is misleading here is that the preference runs are

affected by the grade change in the same proportion as the full tonnage

trains. We know very well that that is not the case and that as you

increase the load for the drag trains by improving the grade you do not

give the preference trains any such increase, often no increase at all.

From a hasty calculation I cannot understand how, when you get the 0.3

grade eastbound only, that the number of trains westboimd still is controlled

by the eastbound traffic. It seems to me very imfortunate that this report

must be printed in the Proceedings. It is the kind of thing we have been

fooling ourselves with for years. A great many grade changes have been

made that have not accomplished the results that were expected because

of this sort of misleading calculation.

This does not correlate with the previous report of the Committee.

The report just before this one discussed the need of considering time. The
previous reports of the Committee, some of which have been good, have

emphasized that fact while this does not.

The second report is misleading in the same way because it depends on

train mile costs. They are using some of the methods out of date nearly

twenty-five years. I am sure there are members on this Committee who
know better than to use train mile costs in this fashion.

Mr. W. L. R. Haines:—The previous speaker must have overlooked

a great many things in the report. In the first place, his first criticism,

in regard to the factor of the time element not being taken into considera-

tion, is not correct, because all of these calculations were predicated on

the fact that a train run would be made within the specified hours of service.

The runs on the particular division which was under consideration were

so arranged that they would be made within the eight-hour limit, and wages

are paid on the basis of 100 miles run in eight hours. Round-trip traffic

was taken into consideration as explained in the last paragraph on page 819.

The rating of the trains was carefully gone over with the operating people of

the division, the freight trainmaster and the division superintendent, and

the ratings adopted were those suggested by them. It was ninety-five per

cent of the normal as representing the average for the year-round for slow

freight; seventy-five per cent of the normal as representing the average

the year-round for fast freight.
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With regard to the train mile costs, I admit there is a great deal

of difficulty in getting any figures which can be applied with exactness,

and particular mention is made of that in the report. Unfortunately in

modern accounting practice on this railroad, the train costs are not charged

out individually for each division, but are assembled as regional costs and

prorated to the divisions. Consequently the train mile costs used do not

represent the costs on a high-grade division, but are rather the average

of all divisions in that region, some with high and some witli low grades.

The costs as used are perhaps as close to the true costs for a low-grade

as they would be for a high-grade. The results, while comparative, should

possibly be modified by the consideration that some part of these costs would

or would not be affected by changes in the number of trains or by the dis-

tance run.

Mr. F. R. Layng:—Replying to Mr. Coburn just a little further as to

the data in the other illustration being twenty-five years behind tlie times. I

just want to say to him that that data came from a railroad that is far from

being twenty-five years behind the times. I regret very much I can not

give him the name of the railroad, but I am quite sure if I did he would
have more confidence in the figures used. The fact is, regardless of his

opinion, those are figures that are being used by this railroad today.

Vice-President Faucette:—If there is no further discussion of the

report on the Economics of Railway Location, the Chair desires to say we
very much value the discussion it has brought about. We also wish to

thank the Committee heartily for the work it has done and for the report

it has brought in. (Applause.)

Mr. E. E. R. Tratman (Engineering News-Record—by letter) :

—

As supplementing the Committee's 1927 report on the relative merits of

different ruling grades (Bulletin 294, page 809), it may be t>f interest to

note that the Hocking Valley Railway has adopted a ruling grade of 0.2

per cent for its heavy northbound coal traffic. This was the result of a

careful study of the comparative economy of grades of 0.3 and 0.2 per cent,

which showed a marked operating or economic advantage for the latter in

spite of the higher cost involved in obtaining it. This study was made
under the direction of Mr. William Michel, Chief Engineer, as described

in some detail in Engineering News-Record of January 29, and April 8,

1920, pages 244 and 736. Mr. Michel pointed out that the increase in train

loading for the 0.2 per cent grade was equivalent to about 1000 net tons

per train, with little, if any, increase in cost of labor of train crews or

motive power.



DISCUSSION ON IRON AND STEEL STRUCTURES
(For Report, see pp. 715-783)

(First Vice-President D. J. Brumley in the Chair.)

Mr. B. R. Leffler (New York Central) :—I will read the outline of the

subjects as found on page 715 of Bulletin 294.

(I) Revision of Manual (Appendix A).

(9) Specifications for the Waterproofing and Drainage of Solid-Floor

Railway Bridges (Appendix B).

(II) Instructions for Maintenance Inspection of Superstructures of

Steel Bridges, collaborating with Committee XII—Rules and Organization.

(13) Investigation of Bearing Pressures on Large Rollers (Ap-

pendix C).

The following action is recommended:

1. That the report on the Revision of the Manual (Appendix A) be

received as information. This report in detail will be found on page 717

of the Bulletin. I move its adoption as information.

The Chairman:—If there is no objection, Appendix A will be received

as information.

Mr. B. R. Leffler :—Subject 9, that the report on the Specifications

for the Waterproofing and Drainage of Solid-Floor Railway Bridges (Appen-

dix B) be adopted and placed in the Manual as recom.mended practice. You
will find this Appendix beginning on page 718. The subject-matter of this

Appendix was presented to the Association last year and adopted as infor-

mation. It has been thoroughly revised, although not very many changes

were found necessary. I move its adoption for insertion in the Manual

as recommended practice.

The Chairman:—It has been moved and seconded that Appendix B,

Specifications for the W.aterproofing and Drainage of Solid-Floor Railway

Bridges appearing at pages 718 to 729, inclusive, be published in the Manual

as recommended practice. This is a rather important problem, and the

question is now open for discussion. The Committee Chairman will read

the topics or headlines of each of the paragraphs and give you an oppor-

tunity to discuss them.

Mr. B. R. Leffler:—Beginning on page 718 the first is General Topic,

outlining in brief the purpose of the specifications. The second main subject

is Design of Bridge. This briefly covers the points that are necessary in

the design of the bridge in order to obtain satisfactory waterproofing. No. 3

gives the types of waterproofing. It was the aim of the Committee to include

all of the types of waterproofing that are recognized as satisfactory, giving

thus a wide range of selection and fairer competition. Briefly six types are

designated, A to F.

No. 4 pertains to Materials. No. 4 also gives all the qualities of these

materials. The list of materials are as follows: Asphalt, Coal-tar Pitch,

1336
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Elastic Cement, Fabric, Felt, Brick, Concrete, Asphaltic Primer, Asphaltic

Mastic, Reinforcing Material for Concrete Protection, Insulating Paper.

This ends the Material. The rest is No. 12, Marking, and No. 13,

Inspection and Tests of the Material.

The next division is No. 5, Application. Under this heading are found:

General Features, Preparation of Surfaces, Priming Coat, Floating Mem-
brane, Workmanship, Concrete Protection Course, Brick Protection Course,

and Asphalt Mastic Protection Course, being the last subject.

Mr. W. L. R. Haines (Pennsylvania) :—I notice that under asphalt

specifications, page 720, the ductility at 11 degrees Fahr. is specified as

not less than 20 centimeters. In recent years it has been possible to obtain

asphalt of a higher ductility than that ; 25 is quite commonly accepted as a

minimum specification, and there has been some argument for an even higher

ductility than 25.

If I am not mistaken, the Bureau of Public Roads, or rather the

Association of State Highway Officials working under the direction of the

Bureau of Public Roads, adopted a specification for waterproofing asphalt

and 25 is specified as the minimum. I am wondering why the Committee

has lowered this specification.

There is another question that I want to raise ; that is, in regard to

the use of coal tar pitch. The statement has frequently been made that coal

tar pitch is not as satisfactory a material for bridge waterproofing as

asphalt because it becomes brittle at a higher temperature than asphalt

does, and that it does not have the self-healing properties that asphalt has.

That is, a membrane made of coal tar pitch will become brittle at a point

considerably above 32 degrees Fahr., and if, while in this condition it is

subject to flexure, it will rupture, and when the temperature again rises, it

will not heal itself. With asphalt, a much lower temperature must be reached

before flexure will rupture the membrane, and when the temperature again

rises, the ruptured edges will unite. I want to ask if the Committee secured

any information on those points.

Mr. G. A. Haggander (Chicago, Burlington & Quincy) :—Regarding the

ductility of 11 degrees Fahr., the American Society for Testing Materials

have adopted specifications along these lines, and they specify ductility of 15

centimeters. We originally had this 25. We went into conference with a

number of manufacturers and waterproofing experts, and we found that a

ductility of 20 could generally be manufactured without any great amount of

trouble, while 25 seemed to be a very special product, limited to a very few
manufacturers, and we, in weighing everything that we could get together,

thought 20 would be the highest that we could adopt and get a good deal of

competition.

We were shown some tests where the ductility changes rapidly in the

first few weeks of the life of the asphalt, and it seemed to get down to 20,

even though it started at 25 or above, rather quickly in a good many cases.

We thought 20 was a stable point, especially when the test was not made
immediately after manufacture.
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As to the discussion regarding coal tar pitch, we were not able to come

to any conclusion as to the throwing out of coal tar pitch. We find quite a

few roads are still using it, and they like it rather well, and we thought

that was a matter of judgment. We did not see any reason for throwing

it out. Therefore we have specified the proper kind of pitch to use, the

best we know of.

Mr. W. L. R. Haines :—I met the same difficulty as the Chairman of the

Sub-Committee in regard to getting the manufacturers to approve a speci-

fication with ductility of 25. Several manufacturers raised the question

that it was difficult to obtain an asphalt with a ductility of 25 with the

other properties specified. Nevertheless we found there were several who
did it, and there were some manufacturers who even produced an asphalt

with higher ductility. For that reason I feel, speaking not for our road

but as my own personal opinion, that we should insist on a higher ductility,

as it is indicative of a better product.

There is one other point I want to speak about. I notice there is no

ductility given at low temperatures. It has always seemed important to

me that this should be specified. In 1917 I prepared a specification requiring

a ductility of 3 cm. at 32° Fahr. Considerable objection was raised to this

on account of the difficulty and unreliability of the ductility test at this

temperature, and in a later specification I changed this to "4 cm. at 40° Fahr."

In a number of discussions I have had, with asphalt experts and with testing

engineers, it was agreed that the ductility at lower temperatures should be

specified, because some asphalts that show a good ductility at 11° Fahr.

will show very little or no ductility at temperatures under 40° Fahr. I

have seen several specifications in which a ductility at as low as 32° Fahr.

was specified, but I believe it has generally been accepted that it is hardly

safe to require a definite ductility at a temperature under 40° Fahr., but that

at 40° Fahr. an asphalt should show ductility of not less than four to five

centimeters with a ductility of 25 at 77° Fahr.

Mr. G. A. Haggander :—In our first printed copy we did have a duc-

tility at 40° Fahr., but we. have found that in some of the later specifications

that has been eliminated and we called in Consulting Engineers, Testing

Engineers, and received their opinion on this.

They said that the ductility at 40° is very, very difficult to determine

and they felt that if the other qualities met the specifications the ductility

at 40° would be satisfactory. They said it was a very difficult test to make,

to make it consistently and accurately.

The Chairman:—The question is upon the adoption of specifications for

waterproofing and drainage of solid floor railway bridges.

(The motion was carried.)

Mr. B. R. Leffler :—Subject No. 11. At the convention in 1926 the

Committee submitted the report on instructions for maintenance inspection

of superstructures of steel bridges, the text of which is found on page 93,

Volume 27 of the Proceedings. The Committee was instructed at that

convention to collaborate on the subject with Committee XII—Rules and
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Organization. This has been done. Committee XII is submitting a report

inchiding therein the instructions prepared by Committee XV, modified in

form for incorporating in the rules recommended bj- that Committee.

No action, I think, is required.

Subject No. 13, report on the investigation of bearing pressures on large

rollers, Appendix C.

This is a very important subject and Committee XV has had a Sub-

committee of which Prof. Wilson, University of Illinois, has been making

experiments extending now, I think, over three years. The first part of

these experiments has been made and the results embodied in this report.

I will ask Prof. Wil-son to give the Association a more detailed state-

ment of the work of his Sub-Committee. I will add, before he gives his

report, that this Association has contributed financially to the extent, I

believe, of $1,500 to aid in this work which is being done in the experimental

laboratory at the University. There have been several meetings of the Sub-

Committee at the University, but the real work has been done by Prof.

Wilson.

Prof. W. M. Wilson (University of Illinois) :—The title to this report

needs some explanation. It is given as "The Bearing Value of Large

Rollers." The real problem is the problem of the rolling bascule bridge,

a movable bridge that has a cylindrical shore end, the moving leaf being

counterweighted in such a manner that the center of gravity of the moving

portion falls at the center of the cylindrical part. The bridge opens and

closes by rolling back and forth upon a horizontal plane track. The cylin-

drical portion of the bridge constitutes the roller in the sense in which

it is used in this report.

This type of bridge is fundamentally sound and has a number of advan-

tageous points. Unfortunately, however, a number of these bridges have

failed, the cylindrical portion receiving the highly concentrated load, having

gone to pieces in service.

It was in the hope of obtaining information on which to base the design

of an economic and safe structure that this investigation was undertaken.

The problem that the Committee has investigated is that of the bearing value

of a cylinder lying upon a plane surface. By lying upon a plane surface I

mean that the axis of the cylinder is parallel to the plane. Because of the

difficulty of rolling a large loaded cylinder, the first experimental work
that was done was the testing of segments of large cylinders under static

load, the assumption being made that the smallest load that would produce

a permanent deformation, either a flattening of the cylindrical surface or a

depression in the plane surface, would be the load which should govern the

design.

In these tests the segment consisted of a block about eight or ten

inches high whose lower surface was cylindrical, the magnitude of the

diameter being commensurate with that of the segments of bridges, the

diameters used in the tests ranging from 120 inches up to 720 inches, or

sixty feet.
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The base, which corresponded to the plane track upon which the bridge

was supposed to roll, consisted of a similar block having, instead of a

cylindrical surface on the bottom, a plane surface on the top. A pair of

blocks, one base and one segment, constituted the specimens for a test.

They were tested in a testing machine and the load which would produce

the smallest set that could be detected, was noted. A more detailed description

of the tests is presented in the report of the Sub-Committee.

A number of factors affect the load-carrying capacity of a cylinder. It

varies with the diameter ; with the hardness of the material ; and with the

length of the segment, that is, the length measured parallel with the axis

of the cylinder of which the segment is a part. These factors have been

studied separately in the experimental work which was done.

The diameter ranged in value from 120 inches up to 720 inches. In

studying the effect of hardness we used steel castings which varied in hard-

ness from grade soft, Brinell No. 105, up to grade extra hard, Brinell

No. 225. In addition we tested medium graded steel castings which had been

hardened by heat treatment. In the study to determine the effect of length

of the segment, we tested segments varying in length from seven-eighths

of an inch up to and including ten inches.

In addition to the tests which constitute members of special series we
made a few special tests. For example, we tested segments of rollers

of the type used in the Rail type of bascule bridges. Also we tested pieces

cut from the sole plates of the Galveston Causeway bridge, the sole plates

having failed in service.

The results of the tests are presented in the report of the Sub-Com-

mittee on the Bearing Value of Large Rollers. This report is, in reality,

an abstract of a forthcoming bulletin of the Engineering Experiment Sta-

tion of the University of Illinois. This bulletin is now in press and we
hope to have it issued in about one month. A copy of the full report may
be obtained by addressing the Director of the Engineering Experiment

Station. There will be no charge for this bulletin, at least for several

months, the policy of the University being to issue bulletins free until

the number available is limited. We then make a small charge to insure

the bulletins going only to the people who have a real interest in their

contents.

Just a word in regard to the conclusions of the Committee based

upon these tests. At one time the A.R.E.A. Specifications for Movable

Bridges stated that in the design of a bascule bridge the design load should

not exceed 120 times -L D, where L is the length of the roller and D is the

diameter, both quantities being expressed in inches. Later this was changed

to read, "the design load shall not exceed L times 3200 into the square root

of D." As a result of the tests, the Committee has recommended in its report

that rolling bascule bridges for which the cylindrical portion is made up

of deep cast segments, the design load shall not exceed 5000 plus 110 Z)

per linear inch of roller.

So far I have been talking about static tests only. After we had

proceeded with the static tests it occurred to us that we might be able to
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actually roll a loaded cylinder. The report of the Committee contains a

cut showing a machine for rolling a cylinder under load. With the apparatus

there presented we were able to roll a cylinder sixty-five inches in diameter

when subjected to a load of 140,000 lb. and we determined the load which

would cause a plate to roll out or become longer when rolled between cylind-

ers of this size.

The results of these tests are presented in the last charts in the report

and if you will glance at these charts you can see that the smallest load

at which a longitudinal extension of the plate begins is very definitely

determined.

In the design of rolling bascule bridges, the thickness of the sole plates

has not entered into the design of the cylindrical portion of the moving leaf,

although it has been the opinion of many engineers that the thickness of a

plate did affect the load required to roll it out.

The diameter of roller used in the rolling tests is not comparable with

that which is used on bridges. The largest diameter we were able to use

with this machine was 65 inches, whereas bridges have a diameter ranging

from 15 or 20 feet up to 60 feet; nevertheless, tests on cylinders having a

diameter of 65 inches showed that a plate one and one-half inches thick

would withstand a load nearly three times as great as a plate one-fourth

inches thick. In other words, the thickness of the plate, which had been

entirely neglected, was proven to be one of the most important variables in

connection with the design of a rolling bascule bridge having a sole-plate

construction.

Since this report was written, we have built a different type of machine

for rolling segments of cylinders under load. This machine can be used to

test segments of cylinders having a diameter of 40 feet, and it can roll a

cylinder of this diameter when subjected to a load of 600,000 lb. We
have actually made tests upon cylinders of this diameter, rolling them at a

load of 560,000 lb., just 40,000 lb. below the maximum capacity of the

machine. The sole plate used in this test was 4 inches thick, and we were

able to roll it out as we would roll pie dough, using a roller 40 feet in

diameter. I say we were able to roll it out in the same sense that you

would roll out pie dough. You understand, of course, that the magnitude of

the extension was not so great, the movement was of the same character

but very much less.

The University of Illinois is continuing these tests. We have made

one series using cylinders 18 feet in diameter, rolling plates varying in

thickness from one-half inch up to three inches; we have made another

series using a cylinder 40 feet in diameter, rolling plates varying in thick-

ness from one inch up to four inches. We expect to continue with this

work, and when we have added the information which we hope to get

to that which we already have, we believe that we will be able to design

rolling bascule bridges so they will not fail in service. (Applause.)

Mr. B. R. Leffler :—On subject No. 2, Specifications for Steel Highway
Bridges. Considerable progress has been made toward the final report.

The Committee has been in conference with the American Association of
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State Highway Officials during the past two years with a view to eliminat-

ing as far as possible differences between the specifications prepared by that

Association and those by this Committee. The Conference Committee has

about completed the work, and it is expected that a final report can be made

on the subject at the convention next year.

The Committee's preliminary report, made upon the subject in 1925,

is found on page 92 of Volume 27 of the Proceedings.

Subject No. 7, Column Tests. The Committee is collaborating with

the Column Committee of the American Society of Civil Engineers, of

which Dean Turneaure is Chairman. Under the direction of Dean Turneaure

experiments are being made on columns loaded eccentrically. The purpose

of these experiments is to determine the longitudinal shearing effect on

columns, and the necessary strength of lacing. A final report on this

subject cannot be made at this time. I will ask Dean Turneaure, who is

conducting these experiments, to give a brief outline of some of the interest-

ing results and methods of experiment.

Prof. F. E. Turneaure (University of Wisconsin) :—Some three years

ago the American Society of Civil Engineers created a Committee on Steel

Column Research. It was thought that while a good deal of work had

been done prior to that time, it was desirable for a new committee to

take hold of the subject, to investigate all of the data which had heretofore

been accumulated, to present a report relative to that data and to recom-

mend, if they thought best, what should further be done in the way of tests.

This Association had a Committee on Steel Columns which made a

number of tests some years ago, and for lack of funds that work was not

continued. In view of the organization of the American Society's com-

mittee, the Committee of this Association has not attempted to do any

independent work, but its Chairman, Mr. Spencer, has met with the Amer-
ican Society Committee and given it the benefit of his ideas, and Commit-

tee XV has been kept informed of the progress of the work.

The Committee made a fairly extensive progress report about a year

ago to the Society which'covered a considerable part of what it had in mind

to do. Up to this time the work of the Committee had been confined to a

study of existing data, but as the work developed it became evident that it

would be desirable to conduct a few tests on relatively small columns in

order to give the Committee information regarding a possible program of

further tests, which it might recommend in its final report. Consequently

a few columns were built and have been tested. These columns were in

part solid rolled columns, in part latticed columns with lattice bars of dif-

ferent sizes, and in part batten plate columns. Sectional areas swayed

jointly from 12 to 15 sq. in. These columns were tested at the University

of Wisconsin, and the results will be included in a report which we hope to

make next January. Some of the results we have obtained by these experi-

ments are quite interesting and point to some fairly definite conclusions.

There were two or three kinds of tests made ; one in particular being

mentioned by Chairman LefHer, a test made by applying an oblique load;

that is to say a load for which the points of application at the two ends of
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the columns were eccentric, but eccentric in opposite direction, so that the

loading was oblique to the axis of the column.

By means of a specially designed segmented rolled end bearing the point

of application was very accurately determined, there were no end movements

and the columns became an almost perfect pivoted end column, and the

obliquity of loading was very accurately known. In this way it was pos-

sible to apply a very definite amount of shearing stress to the lacing bars

or the other connecting elements of the component parts of the column.

The purpose of this kind of test was to determine the strength and

effectiveness of the lacing bars or batten plates. We applied a shear up to

five per cent of the direct stress, and by using lacing of various sizes we
determined the effectiveness of the lacing for this particular set of columns.

In one case we purposely made the lacing quite thin and were able to

actually cause a buckling of all of the lacing bars that took the compressive

stress, showing just exactly what the strength of those particular bars was
when attached to the columns in the usual manner.

Not only did these oblique loading tests give us information as to

strength, but they also gave us good information as to the rigidity or flex-

ibility of the columns with respect to shearing distortion. These shearing

distortions were measured and showed, as we expected, a considerably

greater shearing distortion for laced columns than for the solid rolled

columns and still greater distortion for the batten plate columns.

We have in the foregoing method a very satisfactory way of determin-

ing the shearing rigidity and the shearing strength of columns, a rather

important phase of the subject.

One other set of tests was made by loading columns eccentrically but

having the same eccentricity at the two ends of the column so as to produce

a definite bending moment and a bending distortion in the column as it is

progressively loaded.

The general results of those tests indicate that the behavior of a column

loaded eccentrically follows closely the theoretical results. We also deter-

mined by this method of testing the effect of initial crookedness of the

columns and have measured with respect to certain groups of columns the

amount of the initial crookedness.

We also found, as would be expected, that latticed columns are much
more flexible in the plane of the lacing than they are in a plane at right

angles to the lacing. Therefore, if a column is built with the same radius

of gyration in the two directions, it will not be as strong in the plane of

lacing at right angles thereto. Some concrete results were obtained along

that line.

Finally by our tests on solid rolled H-columns we found that under

eccentric loads, while the deflection followed very closely the theoretical

values, the maximum fiber stress on the compression side of the column at

failure was very considerably greater when the column bent in a direction

perpendicular to the web so that the maximum fiber stress occurred on the

edges of the flanges, than was the case when the column bent in the plane of

the web so that the flange was parallel to the axis about which the column
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bent. In other words, when the column was bent so that the edges of the

flanges were stressed to the highest degree in compression, the fiber stress

at failure ran up very much above the yield point strength of the material,

whereas if the column bent in the direction at right angles to that, so that

the extreme fiber stress occurred along the entire width of the flange,

as you would naturally load an I-beam, then the maximum fiber stress at

failure was only slightly above the yield point strength of the material.

This is a matter of some interest and may have some bearing on determining

the relative strength of columns when we consider the effect of form.

The foregoing is a very brief statement of some of the interesting

things determined. It is expected to make perhaps a few more of these

comparatively small tests to use as a guide to the Committee in any proposi-

tion it may make in regard to a future comprehensive series. After our

report is completed, we hope next January, it may be that this Association

will be asked to help support the work of this Committee in co-operation

with Committee XV of the Association in a further program of tests.

(Applause.)

Mr. B. R. Leffler :—I want to call attention to the significant remark

that the Dean made regarding the weakness of laced columns, where the

radius of gyration is made the same in both directions. We have all been

assuming as designers that such a column was equally strong in either

direction.

On Subject No. 10, covering investigation of copper-bearing steel for

structural purposes, not much progress has been made up to this time. The

work consists largely in collecting data.

On the following subject no definite progress has been made during

the year: No. 3. Electric welding of connections in steel structures; No. 4.

The maintenance of bridges including equipment for that purpose. No. 5.

Investigation and tests of I-beams connected in groups by diaphragms

and bracing. No. 6. Tests and study of the behavior of bridge pins. No. 8.

Specifications for steel tanks and their supports for the storage of water

and oil, collaborating witli Committee XIII. No. 12. The use of alloy steel

for bridges, with special reference to economic features.

On recommendations for future work, the Committee submits the

following

:

1. Revision of the Manual.

2. Specifications for steel highway bridges.

3. Electric welding of connections in steel structures.

4. Tests and study of the behavior of bridge pins.

5. Column tests.

6. Investigation of copper-bearing steel for structural purposes.

7. Outline of work for the ensuing year.

The following new subject is recommended:

1. The influence of the dead load of bridges on the impact from moving

loads.

The Committee requested Dean Turneaure to make an abstract of

Technical Paper No. 247 of the Railway Board of the Government of India,
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which deals with the impact from moving loads on railway bridges. This

abstract is given in Appendix D of this report. I will ask Dean Turneaure

to tell briefly what the nature of this British Indian report is and what we
intend to study next year.

Prof. F. E. Turneaure :—I do not think it is necessary to comment on

this. It is abstracted quite fully as far as it relates to impact. There are a

number of other things in this report of the Railway Board which would

be of interest to this Association, but they are not republished in full in

this abstract.

In brief this report of the Railway Board makes use of all of the

available experiment on impact, including particularly the experiments

made by this Association, and attempts to arrive at an impact formula

derived in part from a theoretical basis and in part from the experiments.

The formula arrived at in this manner is quite a bit lower than the formula

used in this country. But they have one advantage over us in the smaller

impact blows of their locomotives, and a still greater advantage in a very

definite regulation to the effect that no new locomotive can be adopted

without first submitting it to the Bridge Engineer. Therefore as far as

my information goes they seem to have a little better control over the

impact blow of the locomotive than appears to be the case in this country.

The result of that is a lower impact factor.

It is interesting to note that their theoretical impact formula worked out

quite independently of the work done by this Committee agrees almost exact-

ly with the formula worked out by us some years ago. But in making a

report to this convention we did not rely very much on the theoretical

impact formula, but took the results of the tests and produced a formula

which was based on the worse results obtained.

Mr. B. R. Leffler :—Showing how wide an influence the early impact

experiments made by Dean Turneaure and the Committee of this Associa-

tion, extending back quite a number of years now, the Railway Board of

India saw fit to republish word for word Bulletin 125 of the Association.

Secretary Fritch sometime ago received a few copies. Several years ago

there was an Engineer from the British India Railroad, Mr. Lloyd-Jones,

who visited this country and interviewed a number of Engineers. Dean
Turneaure was one of them, and he went into this matter from the British

India standpoint quite thoroughly.

The Chairman :—Judging from the character of report given by Com-
mittee XV to the Association this afternoon, I feel there is no danger

of the railroad bridges failing for sometime to come. The Committee is

dismissed with the thanks of the Association. (Applause.)
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(For Report, see pp. 915-1052)

Mr. Earl Stimson (Baltimore & Ohio) :—I will forego the pleasure

of making- an introductory oration, and we will get right down to business

as we have an extensive program to follow. The report will be submitted,

the Sub-Committee Chairmen making the presentation. In order to save time

you will be asked to pass on the recommendations as we come to them.

The first subject is Revision of the Manual. It will be presented by

Mr. A. F. Blaess.

Mr. A. F. Blaess (Illinois Central) :—The revisions to the Manual

not already printed in Supplements are referred to on pages 915 and 916

of Bulletin 295. The revised forms on pages 926 to 932, inclusive.

To allow more time for the study of rail drilling of 150-lb. section, it

was decided to leave this question open until such studies have been com-

pleted. The Committee recommends that Clause (4) of Drilling of Rails,

page 124 in Manual be modified to limit drilling specifications to 140-lb.

rails and under.

The Committee considers the Standard Test for Rail Joints as given

on pages 133 to 135 of Manual obsolete, and therefore should be dropped

from the Manual. In a discussion of this subject, it developed that a specifi-

cation should be made which will insure a fair test in comparing one design

with another.

The Committee recommends that the specifications for medium carbon

steel track bolts and nuts, appearing on pages 135 to 137 of the Manual, be

dropped as obsolete.

Rail inspection forms Nos. 401-A, 401-B and 401-C, have been revised,

and are shown in Exhibits A, B and C, Bulletin 295, pages 926 to 929,

inclusive. Form D and E of this series are considered obsolete, and therefore

should be dropped.

Minor changes have been made as indicated in Rail Failure Forms

402-B to 402-E, inclusive.

The Committee would like to suggest one change, on page 932, instruc-

tion 6. At the bottom of the page they would like to substitute the word

"transverse" for "interior."

With the exception of that change, I make a motion that the changes

in the Manual as herein referred to be adopted and published in the Manual.

The Chairman:—It has been moved and seconded that the revision of

the Manual appearing on pages 920 to 925, inclusive, in Bulletin 295, be

adopted and published in the Manual. The question is now open for dis-

cussion.

Mr. Earl Stimson :—On page 932 in the form that Mr. Blaess men-

tioned he asks for the substitution of "transverse" for "interior" in instruc-

tion 6. The same substitution should be made in instruction 1, the first line.

"Statements of interior fissure" should read "statements of transverse

fissure."

1346.
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The Chairman:—Are you ready for the question, gentlemen? The

motion is on the adoption of the subject-matter contained in Bulletin 295,

pages 920 to 932, inclusive.

(The motion was carried.)

Mr. A. F. Blaess :—This Committee has also been directed to work up a

list of definitions of words and terms used in our work and these appear in

Appendix A, pages 920 to 925, inclusive. Bulletin 295. The Committee would

like to make one change in these definitions. On page 921, in the definition

of ingot, paragraph (a), they would like to eliminate that portion of the

paragraph following the second sentence, which begins with, "A small amount

of fusible crushed slag," etc. With that change I move that the definitions

as printed in this Bulletin be approved and published in the Manual.

The Chairman:—It has been moved and seconded that the definitions

appearing on pages 920 to 925, inclusive, be approved and published in the

Manual. In conformity with a ruling established some time ago, definitions

are not open for discussion.

(The motion was carried.)

Mr. E^rl Stimson:—The next subject is that of Details of Mill Practice

and Manufacture as they Affect Rail Quality, to be found on page 933. The

report will be presented by Mr. Harding.

Mr. C. R. Harding (Southern Pacific) :—The Committee is very for-

tunate in being able to pesent as information record of tests made by the

Pemisylvania Railroad, rail rolled in 1915, direct rolled rail versus reheated

blooms.

The lesson learned from this report is indicated by Mr. Cushing's letter

of transmittal : "The outstanding lesson in this experiment is the improved

condition of the interior structure of the steel due to the thermal treatment,

thereby lessening the tendency to rail failures of all kinds, included in

which are reductions in the percentages of broken rails and transverse

fissures."

This report is offered as information.

The Chairman:—If there is no objection. Appendix B, will be received

as information.

Mr. Earl Stimson :—The report on Rail Failures will be presented by

Mr. W. C. Barnes, Engineer of Tests, Rail Committee.

Mr. W. C. Barnes (Rail Committee) :—The rail failure statistics for the

period ending October 31, 1925, are given in full in Appendix C. The five-

year record is now completed for the 1920 rolling and as indicated by the

statistics the rate of failure is very slightly higher than that for the 1919

rolling, notwithstanding the fact that the one, two, three and four-year

records for the 1920 rolling showed decreased rates of failure.

The Committee believes that such slight changes should not be given

too great weight, as a variation in the number of reporting roads might

account for them. It is thought that the improvement in rail as indicated

by previous years' records will continue.

The Committee has had considerable difficulty in securing uniform

reports on rail failures and to work an improvement in this direction it has
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prepared a revision of the Rail Failure Form 402-C, which appears as

Exhibit D on page 930 of Bulletin 295. This revision consists principally in

the elaboration of the instructions for determining or reporting the mile

years of service. This form has already been acted upon by you in

the consideration of the report of Sub-Committee 1.

The Chairman :—If there is no objection, Appendix C will be received as

information.

Mr. Earl Stimson :—The Transverse Fissure report will be presented by

Mr. J. de N. Macomb.
Mr. J. de N. Macomb (Atchison, Topeka & Santa Fe) :—The Sub-Com-

mittee appointed a special committee, consisting of Engineers of Tests of

various railways, with instructions to prepare an outline of a suggested

metallurgical investigation on the cause of transverse fissures. The Engi-

neer of Tests of the Rail Committee was instructed to investigate such trans-

verse fissure detecting devices as might be available. The result of the

investigation of transverse fissure detecting devices is given in the Ejchibit F
on page 966. It covers the various devices available or proposed for the

purpose, and it contains a recommendation that the electric detecting device

invented by Elmer A. Sperry offers reasonable promise of successful develop-

ment, and that it be further developed.

As a result of this recommendation the American Railway Association

made a small preliminary appropriation under which this development is

being conducted. A test installation of a temporary nature has been set

up and we were advised this morning that a few rails which were suspected

of containing transverse fissures have been tested with very satisfactory

results in locating the fissures. This, of course, is entirely preliminary and

is too small an experiment to base much conclusion upon.

The device is of an electrical nature as described here and is amplified

by principles similar to the radio. One feature of the device is that the

two brushes, or electrodes, which pass over the rail are only some three-

eighths of an inch apart so that if a condition is found within the rail

indicating perhaps a transverse fissure it is located very closely.

As reported to the Rail Committee last year a statement had been com-

piled comprising 15,357 transverse fissure rail failures accumulated up to

January 31, 1924. This statement has been extended to include January 31,

1926, and now comprises 22,469 transverse fissure rail failures (see Exhibit

G). The gravity of the situation is indicated by the fact that transverse

fissure rail failures are now occurring at the rate of nearly 4000 per year.

High rates of failures per year are not confined to the heavier traffic roads.

A revision of Form 402-E, "Statement of Transverse Fissure Rail

Failures," is submitted for approval (see Exhibit E). The revision consists

in the elimination of columns calling for traffic data at present required and

omits heading "Kind of Failure," as it is understood that only true transverse

fissure rail failures are to be reported thereon.

Mr. Earl Stimson :—^We now come to that very interesting and important

subject. Cause and Prevention of Rail Battering. That has been made the
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subject of extensive investigation and study by Mr. Hunter McDonald, and

he will now present the report.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—The
proceedings of our Committee, working jointly with the Track Committee,

are set out at length and there is no necessity to dwell upon them.

The effort of the Committee has been, first of all, to standardize the

methods of observation and the instruments with which to make such

observations. The conclusions which are presented for adoption are the

result of action by both the Track Committee and the Rail Committee.

Conclusion A on page 981, "That joint battering cannot be entirely

prevented but may be ameliorated. That the most promising sources of

such amelioration are exhaustive studies of mill conditions, track construc-

tion and maintenance."

I move the adoption of that conclusion.

The Chairman:—It has been moved and seconded that Conclusion (A)

be adopted.

(The motion was carried.)

Mr. Hunter McDonald:—Conclusion (B), "That all other things being

equal, evidence indicates rail battering is approximately proportional to the

width of the joint gap."

I move the adoption of that conclusion.

The Chairman:—It has been moved and seconded that Conclusion (B)

be adopted.

(The motion was carried.)

Mr. Hunter McDonald—Conclusion (C), "That effective anchorage

applied at the time the rail is laid (in both directions on single track) is

essential toward the proper preservation of the expansion spaces provided

in the original laying of the rail."

I move the adoption of that conclusion.

The Chairman:— It has been moved and seconded that Conclusion (C)

be adopted. Any discussion or questions?

(The motion was carried.)

Mr. Hunter McDonald:—Conclusion (D), "That the maintenance of

bolt tension adequate but not greatly exceeding that required to produce

the maximum strength of the joint is essential toward the maintenance of

proper expansion spaces."

I move the adoption of that conclusion.

The Chairman:—It has been moved and seconded that Conclusion (D)

be adopted. Are there any questions or discussion?

(The motion was carried.)

Mr. Hunter McDonald :—The next three matters are those of defini-

tion, but inasmuch as they involve methods also it seems proper that they

should come before the convention for approval.

"Joint Gap.—The distance in 64ths of an inch between the ends of

contiguous rails measured at a point about five-eighths of an inch below the

top of the rail."

I move the adoption of that definition.
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The Chairman:—It has been moved and seconded that the definition

of "Joint Gap" be approved.

(The motion was carried.)

Mr. Hunter McDonald :

—

"Batter.—The distance in 64ths of an inch

between the bottom of a straight edge 12 inches long, applied along the top

center line of the rail (with one end coinciding with the end of the rail),

and the top of the rail measured at a point Yz inch from the end of the

rail."

I move the adoption of that definition.

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) :—It seems to me

that the definition of batter is not quite what we should have. The amount

of batter up to some 300ths or 400ths of an inch, or the amount of measure-

ment that the end of a rail is down, up to some SOOths or 400ths of an inch,

in most cases, is a matter of wear and is not a matter of batter in the nature

of the troublesome condition which we generally understand when we say a

battered rail end. It seems to me there should be a distinction made between

what constitutes a battered rail end, which is damaged, and a worn rail end.

I wish that the Committee had gone into the question of how much a rail

end must be down before it would be called a battered rail end as distin-

guished from a worn rail end. There is a lot of difference between a battered

rail end which is damaged and one which is worn. A battered rail end is

worse than one worn down. A battered end rail is different from one worn

and I would not consider a rail has a damaging batter until it is 600ths or

700ths of an inch down.

Mr. Hunter McDonald :—In response to Mr. Baldridge's suggestion,

I wish to state that the question of the length was given much consideration.

It is a fact that the straight edge used by the Santa Fe which has a pointer

and a dial is 30 inches long. My investigations led me to believe that we

were trying to determine how much the rail was battering and not how much

a joint is permanently deflected. A 30-inch straight edge will take into

consideration the amount of dip or bending that the rail has been subjected

to, which I think is not germane to the subject we are studying. I there-

fore adopted the length of 12 inches.

Mr. C. W. Baldridge :—That is not the factor which I had in mind.

Really, a battered rail end is a rail the head of which has commenced

to widen as well as be lowered at the top. Every rail wears some at the top

and at the ends and unless that rail has commenced to widen somewhat, I

do not believe it should be called a battered rail end. It should be a worn

rail end. There should be a distinction.

Mr. Hunter McDonald—The position of the Sub-Committee is that a

rail that shows end overflow is battered.

The Chairman:—The question is on the adoption of the definition of

the word "Batter." Any further discussion?

(The question was put to a vote and carried.)

Mr. Hunter McDonald :—On page 982, for welding up, resawing and

renewal purposes the batter should be measured with a taper gage. I

move the adoption of that recommendation.
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Mr. C. W. Baldridge:—Mr. Chairman, I can not see that that is an

appropriate recommendation. Any device which will correctly measure the

amount which the rail end is down should be satisfactory, and I am confident

that there are other devices which are more convenient and much quicker

and more accurate than the use of a taper gage slipped under a straight edge.

I think that should be omitted. If any other device is equally good, there

is no reason for recommending here the use of a certain kind of device for

that purpose.

Mr. Hunter McDonald :—The answer of the Sub-Committee on that point

is that the method recommended is better understood by the Maintenance of

Way welders. Supervisors and Section Foremen and that such accuracy as is

required with the dial or screw micrometer is not necessary and that terms

dealing in fractions of an inch are really preferable for cases of ordinary

welding up.

The Chairman:—Is there any further discussion?

(The question was put to a vote and carried.)

Mr. Hunter McDonald :—On account of the fact that neither the dial

nor screw micrometer have been perfected in design and tried out sufficiently,

it is recommended that the word dial appearing in paragraphs B, page 919 and

982 of Bulletin 293, be stricken out, leaving the conclusion B to read: "For

statistical purposes the batter should be measured with a micrometer." I

will have some remarks to make on the subject of the micrometer a little

later. I move the adoption of the recommendation B on page 982 as

amended by striking out the word dial.

The Chairman:—It has been moved and seconded that conclusion B
be adopted. Any discussion?

(The motion was carried.)

Mr. Hunter McDonald :—The following definitions are recommended for

adoption and printing in the Manual

:

"End Overflow.—The projection into the joint gap of metal at the

top of the gage side of the head of the rail brought about by impact of

wheels under traffic.

"Milling Rail.—The cutting with a milling hob of the ends of the

rail to correct roughness and inaccuracies of sawing.

"End Chipping.—The loosening of the metal on the top or gage side

of the end of a rail subject to traffic."

I move the adoption of those three definitions.

(The motion was carried.)

Mr. Hunter McDonald:—In regard to the micrometer referred to, the

screw micrometer vyhich is illustrated in Appendix C of our report last year

has been improved somewhat by the use of a hold-down, which I think

will result in eliminating the probability of an operator turning the screw

too hard and too far and lifting the straight edge. This improvement has

not yet been put into effect and I regret to say we are unable to say just

how it will operate.

The screw micrometer has the advantage of having nine times the

magnitude of observation as has the dial micrometer. I have here a recently

A
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worked-out plan for the dial micrometer. Instead of using one 30 inches

long", it is proposed to make it 12 inches long as defined. The dial on the

pointer is provided with two mill headed screws, one at each end, with very

hard points on their heads. They come in contact with the battered portion

of the rail near the end. The opposite end of the micrometer is provided

with a handle or ring. After the observation has been made on the left end

of the joint, the instrument is revolved longitudinally along the axis of the

rail and the same pointer is brought into contact with the rail on the

opposite side of the straight edge, and the pointer gives the same reading.

That is merely an attempt to work the thing out, but it has not as yet been

tried out.

I have a few remarks to make on the subject of the observations on

Mile 106 and some others, which will be read.

"The tests on Mile 11, Atlanta Division, referred to in answer to

Question 1 (page 985, Bulletin 295) have been brought up to February 1.

The average batter for the low carbon rail on that date was .0194 and that

on the high carbon .0179. A graph shows the rate of increase to be prac-

tically uniform but such variations as exist are no doubt due to variations in

traffic. These monthly observations will be continued.

"Regarding the relative batter as between 110-lb. rail and 90-lb. rail

referred to in the same answer as above, our observations indicate that the

batter proceeds at the same rate for each weight of rail. Batter at welded

joints proceeds more rapidly than on joints not welded.

"Regarding question 29 and my answer thereto on page 999 and the

observations of batter on October 26, 1925, on the rails of 34 joints showing

minimum batter (Exhibit J) and of twelve joints showing very heavy batter

(Exhibit lb) of Appendix C to Rail Committee's report for 1926. Further

observations of batter on these joints were made on February 2, 1927.

"Average batter on 20 rails of the 34, which were on tangents and not

welded up, was .01868.

"Average batter on the remaining rails on the tangent (108), which had

not been welded up, was .02159.

"Assuming that the batter on rails welded up would have reached .06

at the time of this observation the average batter for the 20 rails on tangent

out of the 34 would be .02171 and for the 175 on tangent .02709.

"As to the twelve joints (Exhibit lb) showing average batter .041 on

October 27, 1925. These were welded up in November, 1925, and one joint

was welded up again in May, 1926. On February 2, 1927, they showed

average batter of .0315. It is our practice to weld up joints when the

batter reaches 3/64 inches or .0047 of an inch. But for the welding, these

rails would have been removed from the track.

"The joints tested for bolt tensions showed on February 2, 1927, all

of the same rails moving in the joint, except Joint 66 which is now frozen.

Joints 54, 105, 106 and 158 shown frozen on page 500 of Appendix C to

Rail Report of 1926 are now moving. All movement, except in one case,

is taking place on the side of the joint which showed the least bolt tensions.

"It will be recalled that 35 joints on mile 106 were lubricated with
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hard greases, some with crater compound No. 5 and some with Gredag No.

53. The latter contained 2% of Acheson graphite. A number of these

joints were also equipped with Improved High Power and Verona spring

washers. On February 2, 1927, twenty-nine of the number, including one

with no spring washers, were found frozen, two with both rails moving

and four with one rail moving. All joint bars required blows with a maul

and use of a bar before they could be removed. Fishijig surfaces on all

but two were found badly corroded except at bolt holes, where surface

was generally bright.

This absence of corrosion opposite the bolt holes was explained to me

by Mr. E. E. Cress, Assistant to Prof. Talbot, as being due to the fact that

in punching the joint bars the distance between fishing angles is increased

by the swell which results in the joint bars actually bearing only in the

neighborhood of the bolts while the intermediate spaces are open for the

entrance of brine drippings.

Of the two joints that were bright, one had both rails moving and one

was frozen. The latter must have been quite recently wrenched up. Bolts

were all tight and generally corroded. Lubricant in every case had dis-

appeared from between fishing surfaces. All spring washers were in good

condition.

"A further test with Gredag containing 50% of graphite will be made.

Creeping of rails under test observation has been controlled as usual.

"As evidence of the importance of bolt tension control, the following

is cited.

"In January of this year we had a case of track bucking with rail

temperature at about 80°. The Foreman had skeletonized a stretch of

track of the northbound main, where the joint openings appeared to be

normal and without slacking the bolts. The track was readily restored

to proper place when the bolts were slacked. As proof that the trouble

was not due to imperfect rail anchorage, the joints opened again when

the temperature dropped."

Mr. Earl Stimson*—Mr. Lem Adams will present the report on "The

effect of gas welding signal or propulsion bonds to open-hearth rail."

Mr. Lem Adams (Union Pacific) :—The report of this Sub-Committee

will be found in Bulletin 295, pages 1009 to 1012, inclusive, also additional

data under Exhibit J, pages 1012 to 1052, inclusive, which show some

studies on the hardness effect caused by heating the rail.

This Committee in its report last year submitted a study on the struc-

tural changes in rail steel due to the welding of traction and signal bonds,

and this study was published in the 1926 Proceedings, page 557.

Our further study of this subject leads to the following conclusion,

that in so far as standard open-hearth rail is concerned, no detrimental

effects result from gas welding of signal or propulsion bonds to the outside

head of the rail, particularly within the limits of the joint bars.

In view of this conclusion, I move that the application of welded bonds

to the outside head of the rail within the limits of the joint bars for

"standard bonding" and outside of joint bars for "special work" where not
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practicable to apply them within the joint bar limits, be approved as good

practice and that this recommendation be printed in the Manual.

The Chairman :— It has been moved and seconded that the application

of welded bonds, etc., be adopted and printed in the Manual. Is there any

discussion?

(The question was put to a vote and carried.)

Mr. Earl Stimson :—Your attention is called to Exhibit J on page 1012,

the effect of oxyacetylene welding of bond to rail hardness survey. This

exhibit gives the results of experiments made by the Ohio Brass Company
and shows quite conclusively the effect of this class of welding on the

internal structure of the steel of the head of the rail.

Mr. Chairman, this concludes the Committee's report.

The Chairman:—I feel the Association is very much indebted to the

Committee on Rail for their continued excellent work. The Committee is

discharged with the thanks of the Association. (Applause)

DISCUSSION ON REPORT OF COMMITTEE IV—RAIL, BUL-
LETIN 295, MARCH, 1927, RAIL RECORD AND STUDY

By W. C. CusHiNG, Engineer of Standards, Pennsylvania Railroad

It is believed that the Rail Committee has not presented to the members
of this Association its plans of Rail Record and Study in a sufficiently

complete and comprehensive form to enable the members to have a full

and clear understanding of the plan, and I am, therefore, presenting for use

in this respect such an illustration of the one which has been prepared for

the officers of the Pennsylvania Railroad.

This plan is a complete description in well-defined groups of all the

information required for complete Rail Record and Study, from the speci-

fications to the final track service records.

It will be found that the use of each blank has been carefully ex-

plained so that the business of investigation and recording goes on
systematically.

The Pknnsyi.vania Raii.ro.m)

RAIL RECORD AND STUDY

INSTRUCTIONS

Unified rail forms for the study of rail service, rail wear and failures
have been in use with the Pennsylvania Railroad organization since the
formation of the Rail Committee in 1907, at which time a systematic plan
of study was outlined and forms prepared for the necessary records.

Promptness in making rail failure reports is very essential to enable
the study to be conducted to the best advantage.

The forms relating to rail manufacture, track location and traffic service
are classified into groups for explanation, as follows

:
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Group 1

MANUFACTURE, MILL INSPECTION AND SHIPMENT
Form C.E. 55-(b)—(A.R.E.A. Date 1925)—

Specifications for Carbon Steel Rails,

L.G.P. No. 123- ( ) Basic Number.
The first form required, and the one of greatest importance, is the

specifications, according to which the rail shall be manufactured. These are

a written prescription of the chemical and physical properties intended for

the material of the finished product, a description of certain processes of

manufacture, a statement of the proof test required, and as a complete
whole, instructions in detail for the guidance of the inspectors.

They have been changed many times since the first issue in 1876, and
are in consonance with the specifications of the American Railway Engineer-
ing Association, although slight improvements over them have been added
to these.

Form M.W. 34-G—(A.R.E.A. 401-A)—
Report of Mill Inspection,
L.G.P. 155-( ) Basic Number.
This blank will be used by the inspectors at the mill for the purpose of

keeping record of the results of the chemical and drop test examinations
made there, the permanent file being in the office of the Chief Engineer.

It will be used for furnishing information to the Regional Officers

upon their request relative to the results of inspection of any special steel or

rail which may be desired.

In the case of mill inspection by outside bureaus their reports will be
made to the Chief Engineer on this form.

On these blanks are the permanent record of the official inspection by
the Pennsylvania Railroad of the proceedings and results of manufacture.

Form M.W. 34-E—(A.R.E.A. 401-B)—
Certificate of Inspection,
L.G.P. 156-( ) Basic Number.
Should any record be required from private laboratories the certificate

of inspection will be made on this form. The record is kept in a note book
by the Pennsylvania Railroad inspectors, as it contains information for filling

out the tabulation of Form M.W. 34-T.

It is not necessary to have it printed, but only to keep a tracing for

use as required in the office of the Chief Engineer.

Form —(A.R.E.A. 401-C)—
Report of Shipment,
L.G.P. 35-( ) Basic Number.
Shipment of new rail will be reported to the Chief Engineer and

Regional Officers interested by letter or manufacturer's blank, a form for

which has been drawn up by the American Railway Engineering Association

and is a part of its record.

Form M.W. 34-T—(A.R.E.A. 0-1927)—
Tabulation of Results of Mill Inspection,

L.G.P. 125-( ) Basic Number.

This form will be used in the Chief Engineer's Department for tabulat-

ing the results of mill inspection from the several forms herein described.

Copies of the Statement will be sent from time to time to the Regional

Officers for their information. It is prepared annually to summarize the

results of the year's rollings.
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Form —(A.R.E.A. 402-F)—
Manufacturing Record of Interior Fissures.

This form was issued by the Rail Committee of the A.R.E.A. and
the blanks are furnished by that Association quarterly to the railway com-
panies for assembling the information they have concerning the manufac-
turing details of rail heats. These are compiled on account of a special

study of this type of failure by the Rail Committee.
No standard form has been issued by the Pennsylvania Railroad Rail

Committee.

Group II

TRACK RECORD
Form C.E. 56-(b)—

Service Assignment for Steel Rails,

L.G.P. 124-( ) Basic Number.
Our rail inspection at the mills is based on the idea of obtaining as

complete detail information as possible concerning the dififerent groups of
rails rolled and classifying them according to deficiencies in the structural
requirements for the purpose of placing them in such degree of service as
they are considered able to satisfy.

These instructions, therefore, define the places where and the conditions
under which the rails have been classified by inspection, so that with the
information at hand all Regional Officers are enabled to place them where
they will give the best degree of satisfaction in service.

Form M.W. 34-C—
Report of Rail Laid In and Removed from Main Tracks,
L.G.P. 87-( ) Basic Number.
This form shall be filled in by the Supervisor and sent to the Division

Engineer. It will contain the information which enables him to make his
report of rail existing in main tracks on Form AI.W. 34-J annually.

Form M.W. 34-J—(A.R.E.A. 402-D)—
Statement of Steel Rail Existing in Main Tracks,
L.G.P. 78-( ) Basic Number.
This form shall be filled in by the Division Engineer annually

and a copy sent to the Chief Engineer M. of W. in order to report
to him information of new rail laid and fit rail laid in main tracks,
from which the unit failures per 100 miles of track are calculated.

Form M.W. 34-S—
Miles of Track; Per Cent Renewed and Years Required to Renew

100 Per Cent.
L.G.P. 167-( ) Basic Number.
This is a permanent office record of rail renewals in main tracks

for each separate entity in a Division territory, corrected annually
from Form M.W. 34-J, together with the estimated life. The Chief
Engineer M. of W. will send a copy to the Chief Engineer and others
designated.

Form M. W. 34-U—
Miles, Age, and Average Weight of Rail Existing in Main Tracks

April 30th.

L.G.P. 166-( ) Basic Number.
A permanent office record of the miles of main track of each weight

and pattern of rail in service, corrected annually, for each separate entity

in a Division territory. The Chief Engineer AI. of W. will send a copy
to the Chief Engineer and others designated.
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Group III

RAIL FAILURES

Form M.W. 34-A—(A.R.E.A. 402-A)—
Report of Rail Failures in Main Track,
L.G.P. 74-( ) Basic Number.
This is the form on which the report of every rail failure in main

track should be made by the Track Foreman.
One of these blanks shall be filled in for each rail which fails in a

main track and is removed therefrom on account of being broken or dam-
aged, as shown in the "Description of Rail Failures" on the blank.

No blanks should be filled in for rails which are worn out in consecu-

tive stretches and are ready for replacement by new rail, even though the

removal may be due to flattening of the head or other results of poor
material. In such special cases attention should be called to it by letter.

The Foreman will send the report to the Supervisor the same day the

"break" is found, and in the case of a "damaged" or "defective" rail the

day it is taken out of the track.

The Supervisor will forward the report direct to the Division Engineer,

who will send a copy to the Chief Engineer M. of W.
A report of every main track rail failure, no matter of what section

or weight, or whether it be new or fit rail shall be made. The term "Main
Track" has the same meaning as in the "Book of Rules," and when a new
rail fails in any main line or branch line, no matter how great or little

the traffic service may be it must be reported.

Rails which have broken in service must not be left in the track, by
splicing, any longer than necessary to obtain a rail for replacement, as

such failure may indicate a defective quality of steel to an extent that

would make it dangerous.
The instructions for classifying rail failures and the use of the form

are printed on the back and should be strictly and carefully followed.

In the case of rails which have failed from the defect known as

"transverse fissures" in the State of New York, a copy in duplicate of

this report for each rail failure must be sent to the Chief Engineer for

transmittal to the Public Service Commission of the State of New York.

Form M.W. 34-Y—
Transverse and Horizontal Fissures and Detail Fractures.
L.G.P. 159-( ) Basic Number.
It is a photographic illustration in explanation of the different charac-

teristics of "Internal Fissures," and "Detail Fractures" in order to help

the Track Foreman place the failure under the correct classification on
Form M.W. 34-A. It is an important adjunct of that form. It shows
the difference between the special type of detail fracture now known as

"Transverse" and "Horizontal Fissure," originating in the interior of the

head of a rail, and the usual type of "Detail Fracture" originating from
the exterior, and also from other types of fracture. The origin of these

types of failure is different.

It should be distributed to every Track Foreman, Supervisor, Division

Engineer, Engineer M. of W., Chief Engineer M. of W. and others inter-

ested in the subject of rail service and failure.

Form M.W. 34-B—(A.R.E.A. 402-B)—
Superintendent's Monthly Report of Failures in Main Tracks,
L.G.P. 160-( ) Basic Number.
All of the rail failures reported on Form M.W. 34-A shall be entered

on this form by the Division Engineer, and two copies sent to the Superin-



Discussion 1359

tendent, who will forward one copy to the General Superintendent, and
one to the Chief Engineer M. of W. not later than the tenth day of the

following month.
The form will be used for the following- purposes

:

1. For the collection and compilation of rail failure statistics in the

office of the Chief Engineer M. of W. from M.W. 34-A forms in order

to keep a permanent record in convenient form and make other reports

which are required.

2. For monthly reports to rail manufacturers whose rails have failed.

3. For reporting rail failures to the Public Service Commission of

the State of New York, through the office of the Chief Engineer.

Form M.W. 34-K—
Regional Monthly Quantitative Report of Rail Failures,

L.G.P. 161-( ) Basic Number.
This is a numerical statement of the total number of rail failures

classified according to the description of the failure, made out monthly and
containing a five-year comparison of previous figures for the benefit of

the Regional Officers and Chief Engineer. The continuous record of failures

by months for several years is intended to show whether there is any
improvement in rail service conditions by diminishing number of failures,

or whether the results are the opposite, in which case additional efforts for

improvement must be made.
It is a "Rail Failure Index," comparable with the price index of com-

modities in trade.

Ten copies of the report shall be sent to the Chairman of the Rail

Committee as soon after the first of each month as is possible for distribu-

tion to the members of the Rail Committee, and other officers interested.

Beginning with November 1st, each year, the blank should be filled in

with the complete figures of rail failures for five years, and provide two
blank lines for putting in the figures for the current and succeeding one
as they are obtained.

Form M.W. 34-L—
Unit Record of Rail Failures (Monthly),
L.G.P. 162-( ) Basic Number.
Information on a unit basis concerning the failures of 130-lb. and 100-

Ib. rail, and all weights below 100-lb., except that 85-lb. rail may be shown
separately, when desired, will be reported by Divisions on this blank for

the information of the Chief Engineer and members of the Rail Committee.
It will be prepared monthly in the office of the Chief Engineer M. of

W. or by such other engineer as he may designate.

Ten copies of the report shall be sent to the Chairman of the Rail

Committee with Form M.W. 34-K, as soon after the first of each month
as is possible for distribution to the members of the Rail Committee and
other officers interested. It is a valuable record for assisting in rail renewal
study.

Form M.W. 34-M—(A.R.E.A. 402-C)—
Annucd Report of Rail Failures Ending October 31st,

L.G.P. 77-( ) Basic Number.
Annually on this blank, a compilation of the service-value, in terms of

the number of rail failures for the year ending October 31st reduced to

the unit basis of failures for every 100 miles of track of the different kinds
of rail, shall be made with the following objects in view :

—

(A) A permanent file-record of the track service-value of each annual
supply of rails of each different kind, weight per yard, and section sepa-

rately. It will comprehend the following sections:
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(1) The Rail Failure record on Form M.W. 34-M.

(2) Graphical Diagrams comparing rail failures, in two parts with
comments, for the current year, and cumulative since 1908, according
to the accompanying examples

:

(a) Number of Failures of Each Description per 100 miles
of Track in Service, Classified by Weight and Section.

(b) Number of Failures of Each Description per 100 miles
of Track in Service, Classified by Manufacturer.

(c) Actual Number of Failures of Each Manufacturer,
Classified by Position of Ingot.

(3) Graphical Diagram of Actual Number of Failures of Each
Description, Each Year separately from 1914, All Weights and Sec-
tions.

(4) Graphical Diagram of Failures per 100 miles of Track on
Each Superintendent's Division Classified by Kind of Failure, Year
Ending October 31st (current Year) Compared with Previous Year.

(Replacing Track Diagrams of Broken Rails of Each
Division.)

(5) Graphical Diagram of Rails Rolled Each Year from 1909.

Average Failures per Annum per 100 Miles of Track.

Each Region will furnish the Chief Engineer, and the Chief Engineer
M. of W. of the other Regions with a copy.

(B) An annual report of rail failures for compilation and study by the
Rail Committee of the American Railway Engineering Association in co-
ordination with all railroads, and summarization for the benefit of the
Association.

The three Regional reports are compiled into a System report for the
Association by the Eastern Region on A.R.E.A. Form 402-C, and for-
warded to the Secretary by way of the Chief Engineer's Office.

Form M.W. 34-X—
Rules for Laboratory Investigation of Rail Failures,
L.G.P. 53-( ) Basic Number.

These rules are for use of Division Engineers, Chief Engineers M. of
W. and Laboratory Officers by stating general principles for deciding upon
the desirability or necessity for having complete chemical and physical
examination of rails which have failed in service, made at the Altoona
Laboratory. Of special importance is the examination of rails the failure
of which was the cause of a train accident.

Form M.W. 34-F—
Laboratory Report of Chemical and Physical Examination of Rails,
L.G.P. 20-( ) Basic Number.

This form is for the use of the Laboratory Officers when making a
report of the chemical and physical examination of a rail, and is sent to
the Chief Engineer M. of W. who has had the rail sent there for that
purpose.

A complete copy shall be sent to the Chief Engineer by the Laboratory
Officers.

Other reports shall also be made by the Laboratory Officers when
deemed necessary and desirable for making a true study of the samples
in question.



Discussion 1361

Form -(A.R.E.A. 402-E)—
Interior Fissure Rail Failures (Quarterly),

This form has been issued by the Rail Committee of the A.R.E.A. in

connection with a special study of that type of failure, and the blanks

necessary are sent to the different railroads quarterly for filling in.

Xo standard form has been issued by The Pennsylvania Railroad Rail

Committee.
I

The compilation from the several Regions should be sent to the Elastern

Region, which will have them compiled into a System report and trans-

mitted to the Chief Engineer for forwarding to the American Railway
Engineering Association.

Card Index of Rjiil Failures by Heats.

It is desirable to keep a record of rail failures by heats in order to

determine the time at which a heat should be discarded in accordance with

Form C.E. 56- (b), but it has not been put into a standard form by The
Pennsylvania Railroad Rail Committtee.

Group IV

COMPARATIVE WEAR IN SERVICE

Form M.W. 34-R—(A.R.E.A. 403-A)—
Location Diagram,
L.G.P. 163-( ) Basic Number.

When it is desirable to determine the wearing qualities of any special

composition rail the Chief Engineer will arrange with the Chief Engineer

M. of W. to have a section of track laid with experimental rail and a

section of track which is subject to similar conditions as to alinement, grade

and traffic, laid with standard rail for comparison. The Chief Engineer

M. of W. will have the contour of the rail section taken at not less than

two locations on each curve and one on each tangent of each stretch of

experimental rail and the same on each stretch of comparative rail.

These measurements will be made as of October 31st of each year,

and at such shorter intervals as are necessary to insure at least four meas-

urements during the life of the rail. Profile measurements of the rail

must always be taken when it is removed from the track.

When a rail, which is being measured, fails by fracture or defect or is

damaged, another rail in its vicinity, worn about an equal amount, should

be selected and the measurements continued.

When the stretch of rail, with which the experimental rail is being

compared, wears out, final measurements should be taken. It should be

replaced with new rail of the same kind and measurements taken of the

new rail, the area of wear of which should be added to that of the rail

taken out and this process repeated until the experimental mil wears out,

when final measurements should be taken of the experimental rail and

comparative rail.

At the end of the test certain representative rails from different por-

tions in the ingot should be sent to the Altoona Laboratory for chemical

and physical investigation.
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Form M.W. 34-P—(A.R.E.A. 403-B)—
Lines of Wear of 130-lb. Rail,

L.G.P. 164-( ) Basic Number.

In connection with the special test record on Form M.W. 34-R, this

form is used for keeping record of the section profile measurements show-
ing the wear or abrasion at regular intervals. The original will be kept

in the office of the Chief Engineer M. of W.

Form M.W. 34-N—(A.R.E.A. 403-C)—
Comparative Wear of Test Rails,

L.G.P. 165-( ) Basic Number.

This form is for summarizing in a comparative way for ready refer-

ence and the information of results of the special tests rendered to a unit

basis. The Chief Engineer should be kept informed by the Chief Engineer

M. of W. of the progress of special tests on this form, and a complete

report at the end of a special test be made by him to the Chief Engineer,

giving all the details with reference to the service, wear, chemical and
physical tests, rail failures, etc., and lessons to be derived from the study.

LETTER OF GENERAL PRACTICE NO. 123-B

Philadelphia, February 6, 1925.

Subject: Specifications for Carbon Steel Rails—Form C.E. 55- (b).

Important developments in connection with rail specifications have taken

place during the past year in conference between the manufacturers of steel

rails and Committee IV—Rail, of the American Railway Engineering Asso-
ciation, which are as follows

:

1. Subtantial unanimity in specifications for carbon steel rails

by reason of the study of the subject up to the present time.

2. Agreement upon the standard length of rails at 39-ft.

instead of 33-ft. without extra charge, together with the state-

ment to the manufacturers that the length of 45-ft. is considered

to be the desirable length for future consideration when the manu-
facturers have made their arrangements for supplying them without
extra charge.

We have, therefore, revised our Specifications CE. 55-(a) to be more
in accord with these common views, and are issuing herewith for imiform
use within the Pennsylvania Railroad System Specifications for Carbon
Steel Rails, Form C.E. 55- (b).

The Pennsylvania Railroad

SPECIFICATIONS FOR CARBON STEEL RAILS

130-lb. and 100-lb. Weights

APPLIANCES OR ARTICLES
Scope

1. These specifications prescribe the chemical and physical properties

intended for the material of the finished carbon steel rails manufactured
according to the standard rail cross-section design of the Pemisylvania
Railroad and the test required for proving their fulfilment.

Material

2. The material shall be steel made by the basic open-hearth process.
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CHEMICAL REQUIREMENTS

Chemical Composition

3. (a) The chemical composition of the steel from which the rails

are rolled shall be within the following limits:

lOO-lb. Section 130-lb. Section
Elements Per Cent Per Cent

Carbon 0.62 to 0.77 0.72 to 0.89
I'hosphorus (Maximum) 0.04 0.04
Manganese 0.60 to 0.90 0.50 to 0.90
Silicon (Minimum) 0.15 0.15

(b) In any rolling, it is desired that the number of melts above the

mean carbon percentage of the specified range shall be at least equal to the

number of melts below the mean, and that the average carbon shall be as

high as the mean.
(c) In the event of Nickel and Chromium being present to the extent

of approximately 1.00 per cent and 0.35 per cent, respectively, these elements
together will be considered as equivalent of 0.07 per cent of Carbon in the

above requirements.

Analyses

4. In order to ascertain whether the Chemical composition is in accord-

ance with the requirements, the manufacturer shall furnish the inspectors

with analyses and information in accordance with the following notes

:

(a) For each melt of open-hearth steel, chemical analyses shall be
made from test ingots taken during the pouring of the melt, of the elements
Carbon, Phosphorus, Manganese, Silicon, Sulphur, and the other principal

elements, such as Nickel and Chromium, which affect the physical properties

of the steel.

(b) The analyses shall be made from drillings from two ladle test

ingots, one representing the steel going into the regular ingots cast from
the first quarter, and the other the last quarter of each melt. The methods
for making the analyses shall be those most recently adopted by the Amer-
ican Society for Testing Materials.

(c) The Carbon determination shall be made from each of the test

ingots separately, but the inspector may permit the analyses of Phosphorus,
Manganese, Silicon, Sulphur and other elements to be made from equally

mixed drillings from the test ingots.

(d) The average analyses of the ladle test ingots shall conform to

the chemical requirements.

(e) The ladle test ingots shall be of such shape and size as will

induce quick sound setting of the steel.

(f) Drillings for analyses shall be taken not less than ]/» inch beneath
the surface of the test ingot.

(g) The inspector may witness the manner of obtaining the drillings

for analyses.

(h) On the request of the inspector, the manufacturer shall furnish

a duplicate portion of the test ingot or drilling for check analyses.

(i) The complete analyses of each melt cast for rails shall Ix* avail-

able for the inspector as promptly as possible, and he shall always be

furnished with a copy of them before the rails are shipped.

(j) For information only, the manufacturer shall furnish the pur-
chaser with a portion of the drilling for check analyses taken frotn a point

at the usual "()" and "M" positions of the head of the drop-tcst-picce

adjoining the top end of the "A" rail of the last full ingot rolled in one
melt selected by the inspector from every lot of ten. (The "O" location

is in the upper quarter of the head near the outside surfaces, and the "M"
location at the jimction of the head and web.)
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PHYSICAL REQUIREMENTS
Mechanical Strength and Ductility

5. The finished rail, represented by the test specimens, must pass the

following tests successfully:
. Rail Section ^

130-lb. 100-lb.
(a) The non-fracture of the test specimen when

struck one blow on the rail head with the base in
tension by the standard tup falling freely from a
height of 22 feet 18 feet

(b) Under the impact of one blow of the falling
tup as in (a), followed by additional blows from lower
heights, a minimum "Elongation for 1 inch" of 6 per cent. 6 per cent.
or, for each of 2 consecutive inches of 5 per cent. 5 per cent.
A sufficient number of blows shall be given to deter-
mine the complete elongation of the test specimen of
one cut of three test specimens of a melt.

(c) A maximum "Permanent Set" under the im-
pact of the falling tup as in (a) for No. 1 rails of 1% inches 2 inches

(Miom. of (Mom. of
Inertia, 72.8) Inertia, 41.9)

Recorded Information

6. The finished rail represented by the test specimen will be subjected

to the following test and examinations for information only, and be
recorded.

(a) The head of one of the three test specimens shall be gauged
for hardness by the Brinell ball of 19 millimeters in diameter under a
pressure of 100,000 pounds, and the diameter of the indentation entered

upon the test record.

PROOF-TESTING
Test Significance

7. Test shall be made to check:
(a) Strength.
(b) Ductility or toughness as opposed to brittleness.

(c) Soundness.

Kind of Tests

8. The physical qualities shall be determined by:
(a) The "Drop Test" for strength and ductility.

(b) The "Test to Destruction" for soundness.

Methods of Testing

9. (a) The "Drop Test" shall be made on the machine adopted as

standard by the American Railway Engineering Association, having :

—

A tup weighing 2,000 lb. and with a radius of striking face of 5 inches.

An anvil block weighing 20,000 lb. supported on springs.

Supports for the test pieces with a radius of bearing surfaces of 5

inches, made a part of and firmly secured to the anvil, and spaced
between centers

:

( 4 feet for 130-lb. rail)

( 3 feet for 100-lb. rail)

(b) The "Ductility" will be measured by the elongation after test

between gauge marks on the longitudinal center line of the tension-surface
of the test specimens one inch apart for three inches each side of the
center of the test piece placed there before the test.

(c) In the "Test to Destruction," the test specimens shall be nicked
and broken, for examination, in order to disclose whether the metal be
sound without interior defect as indicated by seams, laminations, cavities,
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interposed foreign matter, or a distinctly bright or fine grained structure,

except when they are made visible by the drop test, the saws or the drills.

(Clause 11-B (f).

Test Specimens

10. (a) The test pieces of rail for drop tests shall be at least two
feet longer than the span between supports in the testing machine (Section

9), and shall be cut from the crop of the top rail of the ingot being tested.

(b) Where it is necessary to test rails lower than the first rail, the

bottom of the first rail in lieu of the top of the second rail, and the bottom
of the second rail in lieu of the top of the third rail will be accepted, if

preferred by the manufacturer.

(c) The ductility will be measured on the drop test specimens.

(d) Examination for interior defects will be made on drop test speci-

mens and bolt holes and ends of finished rails.

(e) It is desired that after passing the hot-saws, test specimens shall

be handled as nearly as possible in the same manner as the rails.

(f) Each test specimen shall be marked once with its heat, or melt

number.

(g) The temperature of the test specimens when being tested shall

be between 60 and 100 degrees Fahr. (15.6 and 37.8 degrees Centigrade).

Description and Proportion of Tests

11. For proving the quality of a melt of steel, test specimens shall

be selected from the second, middle and last full ingot of each melt rolled,

and all three pieces shall undergo the complete set of physical tests as

follows

:

(A) Drop Test

(a) The test specimens shall be placed, one at a time, upon the sup-

ports in the testing machine, head upward, and be subjected to one impact
blow of the tup upon the head.

(b) A test shall be considered as failed when the specimen is wholly
or partially fractured under one blow, or does not yield the desired elonga-

tion under one or more blows.

(c) Should none of the three test specimens fail in the drop test, the

entire melt will be deemed as having passed the test. (The specimens will

be set aside, or passed along, for Destruction Test for special classification.)

(d) If any one of the test specimens of Clause (c) fails, in the drop
test, all the "A" rails from that melt shall be rejected, and the following
test performed

:

(e) The specimens representing the "B" rails of the same melt shall

then be tested, and if none of the three test pieces fails, all the remaining
rails of the melt shall be deemed as having passed the test. (If, in the

Destruction Test of the "A" rails, interior defects were disclosed, the "B"
rail specimens will be set aside, or passed along for Destruction Test for

special classification.)

(f) If any one of the test specimens of Clause (e) fails in the drop
test, all of the "B" rails from that melt .shall be rejected and the following
test performed.

(g) The specimens representing the "C" rails of the same melt shall

then be tested, and if none of the three test pieces fails, all the remaining
rails of the melt shall be deemed as having passed the test. (If, in the

Destruction Test of the "B" rails, interior defects were disclosed, the "C"
rail specimens will be set aside, or passed along for Destruction Test for

special classification.)

(h) If any one of the test specimens of Clause (g) fails in the drop
test, all of the remaining rails of the melt shall be rejected.
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(B) Destruction Test

(a) For the purpose of classification of rails which have passed the

drop test by the purchaser, the "A" rails shall be examined for interior

defects, and, if none is found, nO' additional Destruction Tests are necessary.

(b) If interior defects are observed in the "A" rail specimens, all

of the "A" rails shall be classed as "X-Rayls," and the following examina-
tion made:

(c) Specimens of the "B" rails shall then be examined for interior

defects, and, if none is found, no additional Destruction Tests are necessary.

(d) If interior defects are observed in the "B" rail specimens, all of
the "B" rails shall be classed as "X-Rayls," and a similar examination and
disposition made of the "C" rails.

(e) When the "A" rails are included in the discard, the examination
for interior defect need not be continued below the "C" rail.

(f) The Destruction Test entails no penalty of rejection against the
manufacturer, except as provided in 20- (c).

BASIS OF CLASSIFICATION
No. 1 Rails

12. No. 1 classification rails shall be free from injurious defects and
flaws of all kinds.

No. 2 Rails

13. Rails which vary from the specifications in a manner not impair-
ing their strength and soundness will be accepted as "No. 2 rails" in accord-
ance with the following:

(a) Rails which do not contain surface imperfections in such number
or such character as will, in the judgment of the inspector, render them
unfit for recognized No. 2 uses.

(b) Rails arriving at the straightening presses with sharp kinks or
greater camber for the thick base sections than that indicated by a middle
ordinate of 4 inches in 33 feet, 6 inches in 39 feet, 8 inches in 45 feet, and
12 inches in 60 feet.

(c) Rails represented by the test specimen which had a greater perma-
nent set than stated in Clause 5-(c).

"X-Rayls"

14. Rails which, under the drop test exhibit interior irregularities, as
described in Clause 9-(c), will be accepted as "X-Rayls" for use in tracks
bearing minor traffic.

ACCURACY OF MANUFACTURE
Section

15. The section of rails shall conform as accurately as possible to

the template furnished by the railroad company. A variation in height of
1/64 inch less or 1/32 inch greater than the specified height, and 1/16 inch
in the total width of base or the length of either flange separately will be
permitted ; but no variation shall be allowed in the dimension affecting the
fit of the joint bars.

Weight
16. The weight of the rails specified in the order shall be maintained

as nearly as possible, after complying with the preceding section. A varia-
tion of 0.5 per cent from the calculated weight of section, as applied to

an entire order, will be allowed.
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Lengths

17. The standard length of rails at a temperature of 60 degrees
Fahrenheit (15.6 degrees Centigrade) shall be as follows:

(a) The desired standard length shall be 45 feet when the manufac-
turers are able to supply them.

(b) Pending the feasibility of obtaining rails in 45 feet lengths, the

acceptable standard length shall be 39 feet.

(c) For special uses, rails in 60 feet lengths may be ordered by the

purchaser under agreement with the manufacturer.
(d) The permissible variation in length will be:

15/32 inch for rails 60 feet long
7/16 inch for rails 45 feet long
6/16 inch for rails 39 feet long

1/4 inch for rails 33 feet long

except that for 15 per cent of the order the variation may be 1/16 inch

additional in each case.

(e) Except for lengths of 60 feet, short rails varying by 1 foot in

length from the standard to 25 feet will be accepted to the following per-
centages of the entire order

:

12 per cent for rails the standard of 45 feet length

11 per cent for rails the standard of 39 feet length

10 per cent for rails the standard of 33 feet length

Hotbed Work and Straightening

18. (a) Care must be taken in cambering the rails and with the hot-

bed work so that rails will cool with a small but uniform sweep, and there-
by gagging under the presses will be reduced to a minimum. When placed
head up on a horizontal surface, rails that are slightly higher at the ends
than the middle must have the same sweep uniform so that the middle
ordinate does not exceed l}/2 inches in 45 feet or 1^4 inches in 39 feet. A
proportional increase for 60-ft. rails will be recognized.

(b) Rails while on the cooling beds shall be protected from snow,
water and excessive gusts of wind.

(c) The supports for rails in the straightening presses shall have
flat surfaces and be free from hollow places, bends or crooks, and shall be
spaced not less than 60 inches.

(d) Rails heard to snap while being straightened shall be at once
rejected.

Drilling

19. Circular holes for joint bolts shall be drilled to conform to the

drawings and dimensions furnished by the railroad company. A variation

of 1/32 inch in size and location of bolt holes will be allowed.

Finishing

20. (a) All rails shall be smooth on the heads, have bases true, flat,

and free from injurious guide marks and scratches, be straight in line and
surface, and without any twists, waves or kinks. They shall be sawed
square at the ends, a variation of not more than 1/32 inch being allowed,
and burrs shall be carefully removed.

(b) The saws and cambering rolls shall be so arranged that no fin

or burr shall be folded back on the rail perimeter at its extreme end.

(c) Rails improperly drilled or straightened, or from which the burrs
have not been removed, shall be rejected, but may be accepted after bein^
finished as required.

(d) When any finished rail shows interior defects at either end or
in a drilled hole it shall be cut back to sound metal within the acceptable
length of rails, and accepted as an "X-Rayl."
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IDENTIFICATION OF RAILS
Branding

21. Brands or distinguishing marks, made so plain and sharp that

they may be read as long as the rails are in service, shall be rolled or

stamped into the side of the web of each rail in accordance with the follow-

ing requirements, and to indicate

:

(a) The name or initials of the "Manufacturer" in raised letters.

(b) The "Year" and "Month" of manufacture in raised figures and

marks.
(c) The "Weight" per yard of the rail in raised figures.

(d) The "Type" or "Section" marked by raised letters which signify

the name by which it is known, as for example:

Sections of The Pennsylvania Railroad P.S.

Sections of American Society of Civil Engineers A.S.C.E.

Sections of American Railway Association j -d" a
"

g'

Sections of American Railway Engineering Association. .. .R.E.

(e) The kind of "Material," the letters "O.H." being used to designate

"Open-Hearth Steel."

(f) The number of the "Melt" stamped in the web where it will not

be covered by the joint bars.

(g) The letter indicating the "Position in the ingot" from which the

rail was rolled stamped in the web where it will not be covered by the

joint bars. The top rails shall be lettered "A" and the succeeding ones

"B," "C," "D," etc., consecutively ; but in case of a top discard of from
20 to 35 per cent the letter "A" will be omitted, the top rail becoming "B."

If the top discard be greater than 35 per cent the letter "B" shall be

omitted, the top rail becoming "C."

Special Marking

22. For convenience of classification, special marking shall be used

upon single rails, but no more than one classification color or mark shall

be used on any rail. Precedence in marking shall be taken by the lower
classification, that is, in the reverse order below

:

(a) No. 1 rails less than the standard length in use shall have both

ends painted green. (Section 17.)

(b) The No. 1 rails of a melt whose carbon content exceeds the mean
percentage of the specified range shall have both end faces painted blue.

(c) Rails accepted as No. 2 rails shall have the ends painted white

and shall be stamped with the figure 2 on both end faces.

(d) "A" rails shall have the end faces painted yellow.

(e) Rails accepted as "X-Rayls" shall have the ends painted brown
and shall be stamped with the letter "X" on both end faces.

Classes Separated

23. All classes of rails shall be kept separate from each other.

Loading

24. Rails shall be carefully handled in such manner as to avoid injur-

ing them, and shall be loaded in separate cars as follows

:

(a) No'. 1 Rails, and of each melt whenever possible.

(b) No. 1 Rails of the high carbon range.

(c) No. 1 Short Rails.

(d) No. 2 Rails and "A" Rails of all melts promiscuously.

(e) "X-Rayls."
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MILL PRACTICE
Quality of Manufacture

25. The entire process of manufacture shall be in accordance with the

best current state of the art.

Ladle Additions

26. Additions to the ladle shall be made in liquid form so far as prac-

ticable. If necessary to make cold additions they shall be crushed to pass
an inch and half screen.

Deoxidation

21 . The steel must be well deoxidized in the furnace or ladle and the

waste products eliminated before the ingots are teemed, and thus prevent
minute portions of the deoxidation products from becoming entrained in

the setting metal. Time is required for the deoxidation products and impuri-
ties to rise after the steel is tapped in the ladle.

Spattering

28. Spattering the interior sides of the molds in pricking the melts
and teeming ingots must be avoided as much as possible.

Sound Ingots

29. (a) The casting of good, clean, quiet setting, sound ingots, free

from scales and cracks, and with reasonable flat tops without spraying with
water is required.

(b) Ingots shall be kept in a vertical position on the ingot cars and
in the soaking pits, and shall be treated in the soaking pits so as to insure

thorough soaking with the subsequent increase of temperature necessary.

(c) Bled ingots, from the center of which liquid steel has been per-

mitted to escape, shall not be rolled.

(d) Overheated, or burned, or white sided ingots shall not be rolled.

(e) Ingots which have been allowed to become cold shall be reheated
in such a manner as to avoid injury to the rails subsequently rolled from
them.

Discard

30. Sufficient discard shall be taken from the ingot to ensure freedom
from injurious segregation and pipe to secure sound rails. This percentage

shall be not less than 10 for determining the division between basis of

rejection and basis of classification.

Cooling

31. The bars shall not be held for the purpose of reducing their tem-
perature, nor shall any artificial means of cooling them be used after they

leave the finishing pass.

ACCEPTANCE REQUIREMENTS
Acceptance

32. In order to be accepted, the rails ordered must fulfill all the

requirements of the "Specifications." If they do not do so, they will be

rejected.

Proportion of No. 2 Rails

2>Z. No. 2 rails will be received to the extent of 11 per cent of the

whole order for the 45 feet standard, 8 per cent for the 39 feet standard,

and 5 per cent for the ZZ feet standard length.

Payment
34. Rails accepted will be paid for according to actual weights.
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Place for Tests

35. All tests and inspection shall be made at the place of manufacture
prior to shipment, except that check tests may be made at any other place

selected by the purchaser without holding the manufactured articles at the

mill awaiting the results of the check tests, and shall be so conducted as

not to interfere unnecessarily with the operation of the mill.

Access to Works
36. Inspectors representing the purchaser shall have free entry to the

work of the manufacturer at all time while the contract is being executed,

and shall have all reasonable facilities afforded them by the manufacturer
to satisfy them that the rails have been made and loaded in accordance
with the terms of the specifications.

LETTER OF GENERAL PRACTICE NO. 160-A

Philadelphia, December 27, 1926.

Subject : Superintendent's Monthly Report of Rail Failures in Main
Tracks—Form M.W. 34-B

This form has been revised so as to provide for suitable reporting of
transverse fissure rail failures and is issued herewith for uniform use
within the Regions of The Pennsylvania Railroad, superseding the previous
edition referred to in Letter of General Practice No. 35- ( ), (Basic
Number).

It will be used for the following purposes

:

1. For the collection and compilation of rail failure statistics in the

office of the Chief Engineer M. of W. from M.W. 34-A forms, in order
to keep a permanent record in convenient form and make other reports

which are required.

2. For Monthly reports to rail manufacturers whose rails have failed.

3. _ For reporting rail failures to the Public Service Commission of
the State of New York through the office of the Chief Engineer.

PENNSYLVANIA RAILROAD

SUPERINTENDENT'S MONTHLY REPORT OF RAIL FAILURES IN MAIN TRACKS

-Region- -Division. Brancli For the Month of_

USE FOUOWINQ MARKS FOR MAKtNQ ENTRIES IN COLUMNS:

! CtiL II, UM a for SItola Track: C B. P. for EabI Bound Pu»3noer, «tc

In Cot. 14. uM T. for T«nBW>t; I. C. for Innar Rail on Curvv; O. C. for OvIm F%iiI

t* Cel^ 21, a: 23. «. as, 26, 27, 38 tiwJ 29, u»» fifluro "1" to dMlip*to prw*' oA'

Qrwtd Total <M Colfc 2B ind as •hould Muol B™n<J touj of Cote. 21 to 27 induah**.

TOTAi FAILURES I

INSTRUCTIONS:
Tho Ofv)»iori E/i«iiM«r "nil mairt out two aMXM of tlin roport fro

J Mnd 0>«m to th« Suo«rin1on<l«nt wfw will torwird o»w copy to t

• «W to tti« ChM EosinMr Mamtoni/ico of Way not litor than th«

-Division Engineer

Superintendent
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LETTER OF GENERAL PRACTICE NO. 161-A

Philadelphia, December 27, 1926.

Subject: Regional Quantitative Report of Rail Failures—Form M.W. 34-K

This form provides for a numerical statement of the total number of
rail failures classified according to the nature of the failure, made out
monthly and containing a five year comparison of previous years for the

benefit of the Regional Officers and Chief Engineer.
It is a rail failure index comparable with the price index of com-

modities in trade and furnishes an excellent idea of the changes in rail

failure numbers.
It is issued herewith for uniform use within the Regions of The

Pennsylvania Railroad.

No printing is required as the information changes each month and
the report is prepared from a tracing kept for the purpose.

PSHHSTLVASIA RAIIROAD BASTERN RBGIOB.
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LETTER OF GENERAL PRACTICE NO. 155-A

Philadelphia, November 9, 1926.

Subject: Report of Mill Inspection of Steel Mill Rails—Form M.W. 34-G

The form accompanying Letter of General Practice No. 35-A has

become out of date by reason of the changes in the specifications for the

manufacture of steel rails, and will, therefore, be replaced for unified use

in the Regions of The Pennsylvania Railroad by the form of the same
number, M.W. 34-G, of date October 12, 1926.

It is for the purpose of entering the inspector's record of his observa-

tions of the details of manufacture at the mill of the rails being made for

The Pennsylvania -Railroad, and is of great importance. It is the official

record of that work and is kept on file in the office of the Chief Engineer.

It will be used for furnishing information to the Regional Officers

upon their request when information is desired concerning the inspection

of any steel of special manufacture.
It is the form on which we expect to receive reports of mill inspection

by public business bureaus in case of such arrangements being made.

RaportNo
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LETTER OF GENERAL PRACTICE NO. 156-A

Philadelphia, November 5, 1926.

Subject: Certificate of Inspection—Form M.W. 34-E
The form described in Letter of General Practice No. 35-A has becomeout of date by reason ot the changes in the specifications for the ™-

THE PENNSYLVANIA J^lLl^OAD
CERTIFICATE of INSPECTION

°^-Briii-w«orKiiimer-or:Bp«sa-^°"^**s*"^s_- _lbs per^arA.. _
ito^ula^nredby. _ _ _ 5\eel Co. a\.
for.

No.

^eclion

^'"l.---—
- - CHIEF ENGINEEC, Dale 19ThefoDowm^ Sled Bails have been inspecled aTid accepted accordin«\o cortracl"

Rails are certified loiewiUiin Ihehinils ofO,e specificalions now rrfinj of Xh:L

»i»d approved a»p«r delalls ^ven btlaw.

Pate& of Aollind.

No^f CailsBoTled. _.. No«f HealsCoTled

ACCEPTED (This Rolling)

No.of Heals Ceifct*^....

LAsNol. _
T - - 2 _ i;_
a - XCayls'
-4 Pq\ in slocV. Nal
5- - -'

- - 2 :._":i„:
e 3?iipp«d lo Sa}>sidiu->«» No.l
7. . . , .2 |._.

Tolvl Accepted and Shipped..

EEJECTED Account of

Lengl

No 1

No 2

"X-Bayls

60 AS
NuTnbcr of Sails of each Lgnal"h (feel )

Top Eailis
• fBreakiTifl _
JTeil SpecimeTis^D-acliniv'iow '

a biped./......::

Second Bails
* f BreaVing.. i

STisl SpeciTnens] I>uc\illW low. _
* |.Pipe4.._ I

Third Bails
1 fBreaking
&'I^\ Specimens! Duclilily low.

[Piped.... _ _

10. Surface Imperfeclions

1
11 Outside of Chemislry linrils.. .

ir Total Ee-iec^ed

Caleu.la\ed Welahts

39

No I

Not

Tola! Pcrands Poand.ft

33

Shippers Scale WeigVils

TdVal PoaT»a.s

AcceTTted. oTia.er this Crrtif-jcaXe
Mo 1 Mo. Z XCa-yls-"

See Shipping Beport Kos
See Mill Inspection BepoT\s Noa..

Total

Hour

4 A
7 •

6 •

9 •

10 •

11 •

17 N
1 P
1
3 •

Iristructions

One copy of Vhis Certificate shall b,
forvardca t* the Chief En^neer.

IL

Trial Veifllit.s

Weights

8 '

9
10

II .

17M
1 A
7

3

Weights

CorTect

Approved.
Inspec^or

Chiej taspccior
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facture of steel rails, and will, therefore, be replaced for unified use in

the Regions of The Pennsylvania Railroad by the form of the same num-

ber, M.W. 34-E, of date October 12, 1926.

It is not necessary to have this form printed, but only to keep a tracing

for use as required, as it will be principally of value when obtaining reports

from public business laboratories, from whom a certificate of inspection

will be required.

The record is kept in a note book by The Pennsylvania Railroad

inspectors, as it contains information for filling in the tabulation of Form
M.W. 34-T.

LETTER OF GENERAL PRACTICE NO. 157-A

Philadelphia, October 15, 1926.

Subject: Tabulation of Resuhs of Mill Inspection of Rails—Form
M.W. 34-T

This form, described in Letter of General Practice No. 35-A, has

become out of date by reason of the changes in the specifications for the

manufacture of steel rails, and will, therefore, be replaced for unified use

in the Regions of The Pennsylvania Railroad by the form of the same
number, M.W. 34-T, of date October 10, 1926.

It is not necessary to have this form printed, but only to keep a tracing

for use as required, as it is only used for general tabulation of the results

of mill inspection for periods of time. These periods are generally an-

nually, in order to summarize the results of the year's rolling, but can be

made from time to time according to the desire for additional information.

LETTER OF GENERAL PRACTICE NO. 124-C

Philadelphia, October 15, 1926.

Subject: Service Assignment of Steel Rails—Form C.E. 56-(c)

Some slight corrections have been made in Form C.E. 56- (b), and is

now replaced by C. E..56-(c), of date October 12, 1926, for unified use

within the Regions of The Pennsylvania Railroad.

These instructions for guiding in the assignment of rails of lower
classification to the traffic service for which they are best suited are ex-

tremely important and it is believed that they have been very satisfactory

for this purpose.

Pennsylvania Railroaii

SERVICE ASSIGNMENT OF STEEL RAILS
Scope

1. The instructions define the places where, and the conditions under
which steel rails which have been classified by inspection shall be assigned
for the construction and maintenance of tracks.

Classification of Rails

2. In the specifications for Carbon Steel Rails, Form C.E. 55- (b), and
its modifications by letters, rails are classified after rolling by inspection

according to the different degrees of perfection or imperfection into:
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No. 1. Rails

"A" Rails, sub-division of No. 1.

"High-Carbon" rails, sub-division of No. 1.

No. 2. Rails.

"X-Rayls."

3. (a) In addition, if the rails of a specific melt of steel give unsat-

isfactory service by numerous failures under traffic, all the remaining

rails of the melt shall be removed from that location and shall be known as

:

"De-Graded" Rails

and reserved for selected service.

*(b) A measure of unsatisfactory service shall be that number of

broken rails which is 5 per cent of the total number of rails of the melt,

excluding from the numeration (1) the number of broken rails within

the limit of the length of the joint bars, (2) all other kinds of rail failures

in the entire length of the rail, except the broken rails.

Identifacation

4. The classification of the rail shall be indicated by painting the ends

of each rail with selected colors, and by symbolic marking on the end faces

(except as noted), as follows:

No. 1 Rails less than the standard length, green.

"A" Rails, painted yellow on the end faces.

"High-Carbon" rails, painted blue on the end faces.

No. 2 Rails, white, with the figure 2 stamped on both end faces.

"X-Rayls," brown, with the letter "X" stamped on both end
faces.

"De-Graded" Rails, red, with three-prick-punch marks.

SELECTED SERVICE
No. 1 Rails

5. (a) No. 1 rails shall be selected for general main track use, those

below the "A" rails being put into the service of highest class and severity.

(b) The "High-Carbon" rails are desirable for use on curves of 3

degrees and over.

No. 2 Rails and "A" Rails

6. No. 2 rails and "A" rails shall not be used in tracks of the sub-

named character

:

(a) 1. In those parts of the main passenger tracks of principal

Divisions carrying an annual passenger traffic of more than 3,500,000 gross-

ton-miles per mile, including locomotive and tender, except where for any
reason the speed is regularly restricted to less than 45 miles per hour.

2. If, however, the passenger traffic be between 3,000,000 and 3,500,000

gross-ton-miles per mile, while the freight traffic is heavy over 9,000,000
gross-ton-miles per mile, and the percentage of curvature in the track aline-

ment is large, then the same instructions as in Clau.se 6- (a) 1 above shall

prevail.

(b) Through tunnels.

(c) Within the limits of metal guard rails on bridges of 100-feet in

length or over, on viaducts and at retaining walls where a derailment would
be particularly disastrous to the passengers and freight carried, and to the
rolling stock, or hazardous to traffic along the highway or street bordered
by the retaining walls.

•Does not apply to New York State.
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"X-Rayl" and "De-Graded" Rails

7. "X-Rayl" and "De-Graded" rails shall not be used in tracks of

the sub-named character

:

(a) In main tracks except where for any reason the speed is regularly

restricted to 25 miles per hour or less, or where the traffic is exclusively

freight.

(b) Through tunnels.

(c) Within the limits of metal guard rails on bridges or viaducts

and at retaining walls where a derailment would be particularly disastrous

to the passengers and freight carried, and to the rolling stock, or hazardous
to traffic along the highway or street bordered by the retaining wall.

LETTER OF GENERAL PRACTICE NO. 87-B

Philadelphia, October 15, 1926.

Subject: Report of Rail Laid in and Removed from Main Tracks—Form
M.W. 34-C

This form is included in the series of rail failure forms provided for

in Letter of General Practice No. 35, and is now modified by reason of
changes made in the specifications for rail manufacture, as illustrated by
the present form of the same number, M.W. 34-C, of date October 12, 1926,

which is issued herewith for unified use within the Regions of the Penn-
sylvania Railroad.

THE PENNSYLVANIA RAILROAD w^m&b"
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printed in accordance with this revised copy for uniform use within the

Regions of the Pennsylvania Railroad, superseding the previous issue.

The Pennsylvania Railroad "'.iirjx*

_ _ _ REGION

Stolwitnt of M«>RiiU e.itling in Mala Tncl of - -OI»ilio«

M.,nT..ck April 30, 192

LOCATION



1378 Rail

LETTER OF GENERAL PRACTICE NO. 166-A

Philadelphia, January 27, 1927.

Subject: Miles, Age and Average Weight of Rail Existing in Main Tracks

as of April 30, 19. .—Form M.W. 34-U

This form shall be compiled annually for the permanent service sta-

tistics of rails within the Regions of the Pennsylvania Railroad.

Copies should be sent to the officers interested in having the record.

t^

<

Q
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LETTER OF GENERAL PRACTICE NO. 74-B

Philadelphia, December 27, 1926.

Subject: Report of Rail Failures in Main Tracks—Form M.W. 34-A

In co-operation with the Rail Committee of the American Railway Engi-
neering- Association, a number of changes have been made in the last edition

of this form, issued with Letter of General Practice No. 74-A, December 5,

1923, and in order to keep abreast with the work of that Committee our
F"orm M.W. 34-A has been revised and is issued herewith for uniform
use within the Regions of the Pennsylvania Railroad, superseding the one
accompanying Letter of General Practice No. 74-A.

Provision for all the information desired by the Public Sen'ice Com-
mission of the State of New York in connection with reporting transverse
fissure failures has been made and no supplementary statements will be
required unless by unusual cases.

As rather precise and numerous explanations are desirable for the infor-

mation of the men taking these reports, additional notes in the form of

"Addenda" are sent herewith and made a part of this letter.

Addenda

Confusion sometimes arises in the case of question four, "Date Rolled."

The "Brand" on rail is found on the web in raised characters, the month
of rolling being indicated by a series of vertical parallel lines, the number
of which line indicates the month of rolling, for example:

I—Indicates first month, or January.
II—Indicates second month, or February.

Ill—Indicates third month, or March.

and so on, a mark being added for each month of the year.

The "Brand" on rails at different mills is as follows

:

Month and Year of
Name of Manufacturer Mill Rolling

Carnegie E.T., U.S.A Ill—1901
Illinois S.W nil—1910
Illinois G IIIIIIIII—1912

Bethlehem 11—1908
Bethlehem Sparrows Pt IIIII—1907

Steelton IIIIII—1910
Lackawanna I—1906

QiKSTioN 5

—

Ktnii of Stkf.l.—From 1915 to date "Open-Hearth" rail

h^s been marked "O.-H." by all steel companies.
In the early manufacture of "Open-Hearth" rail there were specifica-

tions for "O.-H.—A" and "O.-H.—B" rails, differing in the amount of phos-
phorus and carbon required : "O.-H.—A," rail was only rolled in the year
1909. From 1909 to 1914 the Edgar Thomson Works of the Carnegie Steel

Company marked the two kinds of "Open-Hearth" rail as follows:

Class "A" stamped "O.H."
Class "B" stamped "O.H."

The Maryland Open-Hearth rails have an "X" in the heat number,
thus 3X3472, while Maryland Bessemer rails have five figures 25716.

Question 6

—

Heat Number.—This number is always cut into the web
of the rail and is usually on the side opposite that on which the "Brand" is

marked. A very common error consi.sts in giving the mill pattern number.
The following numbers are used by different steel companies to desig-

nate the pattern, and are raised characters on the same side of the rail as

the "Brand," usually a part of it.
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of the rail on the same side as the heat number and is usually designated by

a letter, with one exception, that of Maryland 1907 rails have a figure

turned on its side. The "Rail Number or Letter" of the Carnegie rails is

found stamped twice near the joints ; those of the Illinois S.W., Gary,

and Maryland mills follow immediately after the heat number. As the rail

letters never go higher than "H," any letter which resembles a letter beyond

"E" may look like "R" or "P," and sometimes the letters "C," "D" and "G"
resemble an "O."

INSTRUCTIONS

A. Ont of/ftM blonki iho// t>« filledin for eacfi roil which fails in a Uoin Track or^d ii remived
art accountofbeiriy broken, defective or damaged os sho*/n in the 'Oescripiion of Qoil Fai/iTrei

'

btlOM Do not ^ill in bijnk for raili which are worn ouf in stretches and are readi^ for replacement

bynev rail, etrn though the failure may be due /oflattening ofttx liead.or o/ber renjils ofpoor material.

i. The foreman willsend fhn report to the JuperWjor Ihe.some day the break is found and in

thecose ofa damaged ordefective roil, the day it is taken out of Ihe track

C The jupervisor will forivord this report direct Ii Ihe Oivisiot) engineer, mho nilliendacopylilhe (tiief

engineer M of W.^

V»'-^. The term 'Main Tracts'has the some meaning OS in tlfe'Sook ofPules andincludei'iingle Track'.

'Double Track 'and 'Three or^ore Tracks

'

E. Mile Post number from { tnr end of Division to be used (Question 12}

F. The 'Dole Holled'\0ueiHon4)'; fjshown by raised figures and lioes.on rhewtboflhtrail,lht month btin^

indicated by the number ofporailel vertical lines
^ ,

G The'kind of Sftel'(Oueitiani)is'Bessemer'ia)': Open Meorlh '/OMj', Nickel '(N)'. Ferro-tifanium (FT)

Chrome Nickel're n) or other alloy or way of making.

M. The'MeatNumber '{Oueshon SJ,ond 'he'PoilUlter '(Ouestion Sjore stomfxdinto the mefol on ffre side of-^v^^

the web opposile to the Side on which the'Srand'isroiied, figures for '6'Snda leller for "«'

I 'Degree of Curve'(Bjeslioni6)ond'.1o sf Curve'fOutstion ifjortgiven onplans or inforinoHon ifokes

J. 'in Joint'applies to roil where failure slorts within length covered by IheJoint bars.
K 7^« 'ingol number'is storrped on the Side ofthe web bysome moktrs (not yetuniversal)

DESCRIPTION OF RAIL FAILURES

- '*' -»^

Whendwcr.b'ng Foiturei of PailS, the foUcwin^ r«rr

\. BSOKSN Hail ^A) Tmnsytri^ Fi^suft -A Crcsi-wlat fatigue frocturt smarting from
ofthe rail from which the trocture prepresses outwardly. The broken rail wills,

asmooth oval or round spot wifh.n the head, Si,bs*aniallyatrigtit enflesto the
the rcil, tihich wHi be S'Irery Sr>qht wlfentirsf exposed lo the ot. The nuc><js fes
otypieol orystallinelroetwe cort'iumato prooress out^caly in detail
(See term m.W. S4-Y liir etplana*,on with lHuS'rotiOh ot Horliartol fissure.
Detail fracture and Sudden Rupture)

(B: Ordinary Break This term covers oilpartialorcomplete (roclurts

(square or angular breaks)in rails in which tttere is no Transverse or

ttorizonlol Fissure, ondin which none of tt>e defects or damage
described belowore visible

the Siod

TBANSVERSt F1S5USE

%WkU AXWUII
7. FLOweo HtAO This term means o 'Dolling out'of me metal ontop of the head tonord the sides

without showing any indication ofa breaking down of trie head Jtructure, that is, ft>e under
side of the hedd is not distorted or split

X 1^ "^ OAuoe s<(

5 CJtt/5ffeo HSAO 4 'ffoffen/'ng' of the head usuaf/y occompon'/ecf btf o crushmg do^n of
/he mefo/ i^jfhout a>^^ indicat/on ofa crack on The unders/de of ^e head

Z
y% -•^ 3fiLtT HCAO Th/5 term fhcfcfdei ro'/s sp/it otonq or near fhe middle of the heo^ or rot/s

wi/h pieces split off th^ side or the end of the t>eod When th,s term is used, it jhou/d te reoorted-^ ''' -

whether if/s. oris not, accompanied by a seamed or hottof^cd hedd.
'^''^

^ ^ X X ±
\ iOLiT iveo a longitudinal crock along the side of the web

6 BBOKtn Ba3» Ang break in the base of a rail It should be described and sketched on
the diagrams on the front page.

7 0*MAaeo under this head will be included oil roils broken or injured by wrecks, broken wheels.
slipfiit>g or similar causes
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LETTER OF GENERAL PRACTICE NO. 159-A

Philadelphia, December 27, 1926.

Subject: Transverse Fissures, Horizontal Fissures, and Detail Fractures

—

Form M.W. 34-Y

In connection with Report of Rail Failures in Main Tracks, Form M.W.
34-A, this form illustrating differences in types of failures has become
of much importance for the information of trackmen.

It has been very extensively revised and is issued herewith for uni-

form use within the Regions of the Pennsylvania Railroad.

M.W. 34-Y

The Pennsylvania Railroad

TRANSVERSE FISSURES, HORIZONTAL FISSURES AND
DETAIL FRACTURES

Explanation of Difference

1. The Description of Rail Failures on the back of Form M.W. 34-A
Report of Rail Failures in Main Tracks, has not made the distinction be-

tween the type of break known as Transverse Fissure, Horizontal Fissure,

and the failure of steel by Detail Fracture sufficiently plain to those making
reports of rail failures to prevent mistakes in classification of failures from
being made from time to time.

2. Therefore, photographs have been made of the several types of

fracture and are reproduced in this circular for your information.

3. Brief definitions of the several kinds of fractures are as follows:

(a) Transverse Fissure—A crosswise fatigue fracture starting
from the center or nucleus inside the head of the rail from which
the fracture progresses outwardly. The broken rail will show a
smooth oval or round spot within the head, substantially at right
angles to the axis of-the rail, which will be silvery bright when first

exposed to the air. The nucleus resembles a typical crystalline frac-
ture continuing to progress outwardly in detail.

(b) Horizontal Fissure—A horizontal fracture starting from
a center or nucleus inside the head of the rail from which the frac-
ture progresses outwardly. Occasionally it turns downward into a
transverse fissure, and becomes a compound fracture.

(c) Detail Fracture—A fatigue fracture progressing from the
outside of the rail head inwardly, originating in a crack from some
surface defect.
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Back of Form M.W. 34 -Y

The Pennsylvania Railroad

Illustrations showing the difference between Transverse Fissures,

Horizontal Fissures and Detail Fractures

TYPES OF TRANSVERSE FISSURE FAILURES

EARLY STAGE
J* NUCLEUS SURROUNDED NUCLEUS AT EDGE

HORIZONTAL FISSURE COMPOUND
TRANSVERSE—HORIZONTAL

FISSURE

DETAIL FRACTURES
FROM GAUGE SIDE FROM RUNNING FACE

SUDDEN RUPTURE

In All Casat:-
4 —Sudden Rupture of Nuolaua B—Progreeslve Fracture Irom Nuoleue
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LETTER OF GENERAL PRACTICE NO. 162-A

Philadelphia, December 27, 1926.

Subject: Unit-Record of Rail Failures (Monthly)—Form M.W. 34-L

This monthly report is issued herewith for uniform use within the

Regions of the Pennsylvania Railroad, superseding the former issue.

It is the most important monthly report of rail failures for the purpose

of supplying information in detail concerning the character of rail failures,

the numbers in different weights and kinds of rail and the places where
they occur.

PENNSYLVANIA RAILROAD
REGION REPORT No..

UNIT-RECORD OF RAIL FAILURES FOR THE MONTH OF_ (BY DIVISIONS) SHEET OF SHECrS

e
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- LETTER OF GENERAL PRACTICE NO. 77-A

Philadelphia, Ja*m:ary 10, 1927.

Subject: Annual Summary of Rail Failures—Form M.W. 34-M

The Annual Summary of Rail Failures—Form ALW. 34-M, has been

entirely revised by rearrangement, under date of January 4, 1927, and is

issued herewith for uniform use within the Regions of the Pennsylvania
Railroad, superseding the previous issue.

It is the annual permanent record of rail failures of different kinds of

material, weights and section patterns for each year's rolling on a unit basis

of 100 miles of track per year in service.

This is intended to be the record of all rails in service rolled since

the beginning of 1908 in the main tracks of whatever character and regard-

less of whether it be in the tracks where originally laid or transferred

to a track of lesser service as fit rail.

When a lot or group of rail has been finally removed in the year ior

which the report is made, attention to it should be called by an asterisk

at the beginning of the line on which it is listed, together with a note

of the year of removal.
The form shall be put in use for the annual report of the year ending

October 31, 1927, and copies of all previous issue should be disposed of.

It should be printed on sheets 8"x21" in accordance with the sample
which will be submitted to the Chairman of the System Blank Committee,
and as it is intended to be folded in the center the arrangement of each

side should be carefully maintained. The Chairman of the System Blank
Committee is herewith requested to ascertain the requirements of the

three regions and arrange for printing.

LETTER OF GENERAL PRACTICE NO. 53-A

Philadelphia, January 10, 1927.

Subject : Rules for the Investigation of Rail Failures—Form M.W. 34-X

The rules of October 24, 1921, issued with Letter of General Practice

No. 53, are herewith cancelled and superseded by "Rules for the Investiga-

tion of Rail Failures," Form M.W. 34-X, dated January 5, 1927, on account

of several alterations of the instruction.

The Pennsylvania Railroad

RULES FOR THE INVESTIGATION OF RAIL FAILURES

Shipping Directions

1. (a) If, upon receipt of the Track Foreman's report of a rail

failure upon Form M.W. 34-A by the Chief Engineer M. of W., the char-

acter of the failure seems to be unusual, or if it gives promise of furnishing

valuable information on the quality of the metal, the methcxl of rolling, or

on any other important matter, a piece not less than 3 feet nor more than
4 feet long, containing the part which has failed, should be sent to the Chief
of Motive Power, Altoona, Pa., in accordance with the "Rules Governing
Transportation of Company Material." The shipment should be fully marked
for identification with weight per yard, rail section, name of manufacturer,
year rolled, location by mile post, track section, Division, Number and date

of M.W. 34-A report.
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(b) If it is a case of "broken rail," "transverse or horizontal fissure"

or other break, a piece each side of the fracture should be included in the

shipment.

(c) If it is a case of "internal fissure," and the 3 feet piece containing

the main fracture does not include the sawed end, an additional piece about
2 feet long containing the sawed end shall also be sent.

(d) Fractured rail ends should be protected from dirt and dampness by
wrapping in burlap or similar material.

Accident

2. (a) If an accident has been caused by a rail failure, all of the pieces

must be set aside by the Track Foreman as soon as possible after the acci-

dent, and be marked or tagged for future identification. All of the pieces

of the entire rail shall be shipped as in Clause 1, except that, at the
option of the Division Engineer, Engineer M. of W. or Chief Engineer M.
of W., they may be sent first to their offices for examination.

(b) If the accident be one which will be investigated under the rules

of the Interstate Commerce Commission by its inspectors, the pieces shall

be held, if possible under cover, subject to^ the orders of the inspectors.

(c) When a personal injury has resulted from the accident, the labora-
tory specimen of the rail which failed associated with it shall be stored
at the laboratory for a period of three years, after which they may be
disposed of. (See clauses 8-(b) and 8-(c).)

Miscellaneous Failures

3. If no failures can be singled out as of special importance, a limited
number of sample pieces from broken rails which have failed in service on
a General Superintendent's Division may be selected for investigation, and
forwarded as in Clause 1.

Good Service Rails

4. It is also desirable from time to time to have an examination made
of samples from rails which have given good service in the track, for the
purpose of comparison.

Photographs

5. Photographs of the fracture or defect will be made at the Test
Department at Altoona. In special cases, the Chief Engineer M. of W. may
desire to have photographs made, in which event the pieces may be sent

to him for that purpose, and then re-forwarded to Altoona, statement of
the facts being sent to the Chief of Motive Power at Altoona.

Suggested Investigations

6. Upon receipt of the piece, or pieces, of rail, the Chief of Motive
Power will direct that study be made of the failures and of the material,

with the object of determining the cause of the failure and the lesson to be
learned from it. This study should cover and include the following lines of
investigation.

(a) Chemical determination of Carbon by Combustion.
(b) Chemical determination of Manganese.
(c) Chemical determination of Phosphorus.
(d) Chemical determination of Silicon.

(e) Chemical determination of other elements when presented, such
as chromium, nickel, etc.

(f) Brinell test for hardness.

(g) Photographs of original fracture or defect.

(h) Photograph made from sulphur print of section produced by
the use of bromide paper and sulphuric acid solution.
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(i) Photograph of section Ughtly etched with nitric acid in grain

alcohol for laboratory information and examination to deter-

mine whether micrographs are necessary to show any unusual

feature. If there is no unusual feature, both the light etching

and photomicrographs will be omitted from the report.

(j) Photomicrographs showing grain, magnification 100 diameters.

(See i.)

(k) Deep etching of a diagonal section through the head starting

from the fracture and extending about 10 inches along the

length of the rail.

(1) Deep etching at location (k) from sawed end of rail.

(m) Probable cause of failure, and lesson to be deduced from
foregoing investigations.

(n) At the option of the laboratory examiners, the physical tests

provided for on Form M.W. 34-F may be made and reported.

Location of Test Pieces

7. Test pieces for chemical analysis and physical tests shall be cut

from the locations shown on Fig. 1.

M. W. 34-X

The Pennsylvania System

RULES FOR THE INVESTIGATION OF RAIL FAILURES

-TIMM iMta tlMll b* iM<M en tM »«• 1^»-

In th* CM* o< cunrt worn nt »• umplM (htJI M
tak«n from •• net/ th« •<)• as pOMlb>«.

If Sw amount ot abruton ihould tf too ffrvat. tr>«n

Om MinptM muat M Uken from ttx oppotiu cemtr
tt tM hMd but tM noon Hmi\a lUM tM fKt.

fW CNOMM. ANM.TKS roa nnwcM, Tirr pieces

In* mm %'~s^
-jH-
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Laboratory Report

8. (a) The Chief of Motive Power should forward copies of the

reports to the Chief Engineer, and the Chief Engineer M. of W., the

chemical and physical statement being made on Form M.W. 34-F, while

the photographs and all other information should be on sheets of the same
size (8"xlOy2") and not folded when mailing.

(b) With the lapse of a period of 3 months after the report of the

Chief of Motive Power has been made, the specimens of rail examined

may be disposed of, provided no personal injury has resulted or been asso-

ciated with the failure of the rail reported upon (see Clause 2-(c)).

(c) If the examination in 8-(b) has been officially participated in by

the representative of the Interstate Commerce Commission, the time for

disposal of the specimens shall be 3 months after publication of the report

of this Commission.

Study by Chief Engineer M. of W.
9. The Chief Engineer M. of W. should make from time to time a

study of all the reports submitted, directing that other tests be made, if

deemed necessary for a full and complete study, and make a report to the

Chief Engineer and to the Chairman of the Rail Committee.

LETTER OF GENERAL PRACTICE NO. 20-A

Philadelphia, January 10, 1927.

' Subject : Laboratory Report of Rail Failures—Form M.W. 34-F

When reprinting of this form is required it shall be done in accordance
with the attached sample dated January 5, 1927, accompanying this letter.

It is used principally by the laboratory officers at Altoona, who will have
charge of the supply, and when copies are needed by any officers they can
be obtained upon application to the laboratory.

Report No..

PENNSYLVANIA railroad
REGION

LABORATORY REPORT
CHEMICAL AND PHYSICAL EXAMINATION OF RAIL AND OTHER TRACK MATERIAL

Referred to in ___ .

Laboratory No.. ...Sample Represerits ..
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TABULATION OF RESULTS OF MILL INSPECTION OF RAILS
Rolled from January 1, 1926, to January 3. 1927
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LETTER OF GENERAL PRACTICE NO. 164-A

Philadelphia, January 10, 1927.

Subject: Group IV of Rail Record Forms—Diagrams Showing Lines of

Wear of 130-Lb. P.S. Section—Form M.W. 34-P

When reprinting of this form is required it shall be done in accordance
with the sample, dated January 5, 1927, accompanying this letter.

Low or South Roll

^

m.nl
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LETTER OF GENERAL PRACTICE NO. 165-A

Philadelphia, January 10, 1927.

Subject: Group IV of Rail Record Forms—Statement of Comparative
Wear of Test Rail—Form M.W. 34-N

When reprinting of this form is necessary it shall be done in accordance
with the sample accompanying this letter, dated January 5, 1927.

PENNSYLVANIA RArtBOAD
II. ^._s«

i UH I • M u im
WMtl of tlWMl

STATEMENT OF COMPARATIVE WEAR OF TEST RAIL
Omc« of CM»t Engr. M. W.

Ck fW IlK a. ». . Or.

iuuiimii a

"THMiie*"- Total to«i (InoMM loo«<naO«M lAd fboou oin) ovtr «p*rlm«nl from 4tl« l«M le «»(• rtmwM, uprtnM lo vnlta al 10.000 tam.

DISCUSSION ON CAUSE AND PREVENTION OF RAIL
BATTERING

Analysis of Records of Rail End Batter on the Chattanooga Division
OF THE Nashville, Chattanooga & St. Louis Railway, Reference
Being Made to A.R.E.A. Bulletin No. 283, January, 1926, Appendix
C, Page 493, and Bulletin No. 295, March, 1927, Appendix E,

Page 980.

By J. L. Fergus, Division Engineer, Nashville, Chattanooga & St. Louis

Railway.

Subsequent to taking of last batter measurements on Mile 106, Chat-
tanooga Division, the writer attempted a study of the results, taking the
first 75 joints, which are all on tangent, and joints 301 to 375, inclusive,

which are all on 4-degree curve, with a view of comparing the extent of
batter and rate of batter on tangent and curve, also making a comparison
between inside rails on curves and outside rails on curves, and to further
develop if possible what effect the rail end batter has on the service life
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of rails, and what steps, if any, appear desirable to take in order to curb

the extent of rail battering.

Exhibit 1 presents the batter measurements on tangent track, joints 1 to

75, inclusive, Mile 106, Chattanooga Division. As the batter was measured

to the nearest five-thousandths of one inch, there is shown in Table 1-A the

number of battered rail ends having amounts of batter shown and the per

cent of the total ends for each amount of batter, also the corresponding

rate of batter per month per rail end for each amount of batter. This table

shows that 80 per cent of the rail ends on tangent were battered to the extent

of .025" or less, and that this same per cent of the total rail ends had a rate

of batter per month per rail end less than .00060", which rate of batter

would give a service life of approximately 6 years and 8 months before the

rail ends would be battered to the limit prescribed on the Nashville, Chat-

tanooga & St. Louis Railway, where welding or building up of rail ends is

undertaken, this limit being .047". It is also to be noted in Table 1-A

that 10 per cent of above-mentioned rail ends had been welded up, and for

comparison the rate of batter for selected rails showing minimum batter on

Mile 106 on same date is shown.

Table 1-B shows the period the rails may be expected to run before

welding is necessary for the different amounts of batter measured and cor-

responding rates of batter per month per rail end. This table also shows the

number of battered rails and per cent of total of such rails, and the period

same may be expected to run before welding is necessary on the tangent

track covered by Exhibit 1.

Table 1-C is presented to show the difiference, if any, between the

amount of batter on the north rail ends as compared with the south rail

ends on the rails covered by Exhibit 1, and it is to be noted that there is

practically no difiference.

Table 1-D is presented to show the rail letters for rails covered by

Exhibit 1, and it is to be noted that rails of all letters from B to G,

inclusive, are involved, and it appears that the rail letter has no relation

to the amount of batter.

Exhibit 2 shows practically the same information as covered by Exhibit

1, with the exception that Exhibit 2 covers joints Nos. 301 to 375, inclusive,

on Mile 106, which are located on 4-degree curve.

On Table 2-A, it is to be noted that 52 per cent of the total rail ends

have a batter of .025" or less, and that 30 per cent of the remaining 42 per

cent of the rail ends have been welded. This shows that the extent of rail

battering is greater on curves than on tangent. This table also shows for

comparison the rate of batter per rail end per month for selected rails show-

ing minimum batter on Mile 106 on the same date.

Table 2-B shows the period these rails may be expected to run before

welding is necessary for each amount of batter and corresponding rate of

batter per rail end per month. This table also shows the number of rails

battered and per cent of total rails with period which same may be expected

to run before welding is necessary.
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Table 2-C shows the extent of batter on the north rail ends on curves

as compared with south rail ends at the joints, also the average batter of

the north rail ends on inside of curve as compared with the average batter

of south rail ends on inside of curve, and the same information for both

north and south rail ends on outside of curve. It is to be noted that the

extent of batter is slightly greater on rail on inside of curve than it is on

rail on outside of curves, also that the rate of batter per month per rail

end is greater on rails on inside of curves.

Table 2-D shows a summary of the rail letters involved on the track

covered by Exhibit 2, from which it is to be noted that the rails are dis-

tributed fairly uniformly between the letters A to G, inclusive.

Exhibit 3 is submitted to show a comparison of the information pre-

sented in Exhibits 1 and 2.

Table 3-A shows that rails having the smaller amounts of batter appear

more frequently on tangent than on curve, and that to date it has been

necessary to weld 30 per cent of the rail ends on curve as compared with 10

per cent on tangent.

Table 3-B shows the number of battered rails separately on tangent

and curve, and per cent of total rails on tangent and curve, also period same

may be expected to run before welding is necessary. This table again shows

that rails on tangent give better service insofar as battering is concerned

than rails on curves.

Table 3-C shows a comparison of the average batter on tangent with

the average batter on inside and outside of curve separated between north

rail ends and south rail ends. This again shows that there is practically no

difference in the extent of batter between the north ends and south ends at

the joints, and that the batter is greater on the inside of curves than it is

on the outside of curves, also that the batter is slightly less on tangent than

it is on outside of curve. This table also shows a comparison of the average

rates of batter per month per rail end on tangent, inside of curve and outside

of curve, and further, for comparison, the rate of batter is shown for rails

on Mile 106 showing minimum batter, the 90-lb. rail on 3-degree curve at

Anderson, Tennessee, the 90-lb. rail on tangent at Bass, Alabama, and on

the rails at joints tested by Prof. Talbot on Mile 106.

Table 3-D shows a comparative summary of the rail letters involved

on welded and unwelded rail ends on track on tangent covered by Rxliihit

1, and track on curve covered by Exhibit 2.

Exhibit 4 submitted herewith is presented to show that apparently tlio

rate of batter per month per rail end is slightly greater at the begimiing of

the service life of the rail and decreases slightly as the rail is in the service,

and that this change in rate of batter is almost negligible.

The batter measurements made in connection with the information here-

tofore submitted were taken as outlined on page 496 of Bulletin \o. Z^-^,

January, 1926, Appendix C.
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Exhibit 1

JOINTS NOS. 1 TO 75, INCLUSIVE—MILE 106, CHATTANOOGA
DIVISION ON TANGENT. BATTER MEASURED FEB. 2, 1927,

RAIL LAID JUNE, 1923.
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Table 1-C

Note: N ^ north rail ends, S =: south rail ends at joints.

Batter .015 .020 .025 .030 .035 Welded TotalNSN SN SNSNS
Total Ends 15 9 27 34 17 18 6 4 3 1 16 150 ends
Per Cent Total Ends.. 10 6 18 23 11 12 4 3 2 1 10 100%

Average batter north rail ends 02164"

Average batter south rail ends 02157"

Average rate of batter per month per rail end 00049"
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Total

Table 2-D

Summary of Rail Letters for Rail Ends
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Curve
Inside O utside

.0254
"

.0266
"

.00059"

Table 3-C

Tangent
Average batter north rail ends 0216

Average batter south rail ends 0216

Average rate of batter per month per end. .00049"

Average rate of batter per month per rail

end for selected rails on mile 106

showing minimum batter

Average rate of batter per month per rail

end on 90-Ib. rail on 3-degree curve

at Anderson, Tenn
Average rate of batter per month per rail

end on 90-lb. rail on tangent at Bass,

Ala 000745"

Average rate of batter per month per

end on joints tested by Prof. Talbot

on mile 106 (page 500, Bui. 283)... .00072"

Table 3-D

Summary of Rail Letters for Rail Ends

.0229
"

.0228
"

.00052"

.00094"

.00023"

Rail



DISCUSSION ON RULES AND ORGANIZATION
(For Report, see pp. 411-435)

Mr. W. C. Barrett (Lehigh Valley) :—The report will be found on page

411. Five subjects were assigned this Committee for work during the past

year. I think perhaps a little explanation is due with reference to the first

assignment. It is not shown in the Bulletin as it was originally given to

the Committee. The original assignment was as follows : "Assemble all

rules setting up those common to all subjects under one head and placing

the remainder under appropriate headings, collaborating with the proper

committees."

The Committee asked the Board of Direction for an interpretation

and explanation of that assignment, and in connection with that interpreta-

tion and explanation the assignment was somewhat modified and changed,

and the Committee was asked to simply look over the Manual in connec-

tion with the collaboration with other standing committees and if there

appeared to be any material which properly belonged under "Rules," to take

the necessary action with the standing committee concerned to see if ar-

rangements could be made for that change.

The Committee has done considerable work along that line, but has no

report to make on that particular subject this year.

In connection with the revision of that assignment, however, the Com-
mittee on Outline of Work also asked this Committee to prepare a Table of

Contents and if possible an Index to the "Manual of Rules for the Guid-

ance of Employees of the Maintenance of Way Department." The Com-
mittee prepared a Table of Contents which appears in the Committee's

report as "Appendix G."

The Committee could not very well prepare an Index until such time as

the new Manual is ready for printing so that the proper page numbers could

be given in the Index. So nothing has been done by the Committee with

reference to the preparation of an Index.

Under Revision of Manual, you will find the Committee's report is

covered by Appendices A and B. Appendix A, page 415, covers rules for

the operation of motor, hand, push and velocipede cars, now in the Manual

under Committee XXII. As those rules, Mr. President, were approved this

morning under Committee XXII, I am not certain whether any further

action is necessary. I presume they will be printed in the Manual as

the report of Committee XXII.

The President informs me no further action is necessary on Appendix A.

Appendix B covers simply the information as to necessary revisions

in some of the numbers and some little rearrangement not only of the rules

but of some of the topics in connection with the preparation of the Table

of Contents, and I move you, Mr. President, that this revision and rear-
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rangement as covered by Appendix B be approved for printing in the

Manual with this Committee's report.

(The motion was carried.)

Under subject No. 2, "Continue the study of rules for inspection of

bridges, trestles and culverts, collaborating with the appropriate commit-

tees," the result of this study will be found in Appendix C, page 418. The

Committee has the approval of this report from the committees on Iron

and Steel Structures, Wooden Bridges and Trestles, and on Masonry. Mr.

Barnhart is the Chairman of this Sub-Committee and will present this report.

Mr. E. H. Barnhart (Baltimore & Ohio) :—This report is shown rn

page 418 to 427, Appendix C. The revision includes the renumbering of

the first eight rules now appearing in the Manual ; the elimination of Rule 9,

and the substitution of Rules 2070, page 418, up to and including Rule 2119,

page 423, and the balance of the rules on pages 610 to 624. The forms cover-

ing this report follow on page 424 to 427, inclusive.

I move the adoption of Appendix C, substituting same for what is now

in the Manual.

Mr. H. M. Stout (Northern Pacific) :—I would like to ask the Chair-

man of the Committee if the forms and records which they have proposed

were devised in collaboration with Committee XI—Records and Accounts?

Mr. W. C. Barrett :—I might say that Committee XI has been con-

sulted. We did not get their formal approval, althoug'h we did get from

the Chairman the information that they had no objections to the forms and

records as we had them.

Mr. H. M. Stout :—I am not authorized to speak for Committee XI,

but it seems to me this Committee XII has gone beyond their bounds in

undertaking to do the work of the Committee on Records and Accounts,

both in respect to drawing up and devising a system of records and a sys-

tem of forms. It seems to me that that exceeds their assignment. I recog-

nize the peculiar situation occupied by this Committee because of the close

contact which it is obliged to maintain with the work of many of the

standing committees of this Association, and, therefore, my criticism of this

section of their report is void of all malice. Nevertheless it seems to me
that at least they should have secured the consent and approval of Com-
mittee XI before requesting approval of the Association for publishing

matter like this in the Manual.

Mr. W. C. Barrett :—In explanation I will say that the Committee

went just as far as it possibly could in trying to get formal approval. We
tried to get the Committee on Records and Accounts to tell us just how they

wanted the forms made out, and I think that for good and sufficieait reasons

they were not able to do that for us. But that committee did say to us

that they had no objections to the forms in order to make the report com-

plete. It seemed to Committee XII that it was really necessary to have

the forms follow the rules, so that anyone looking over the rules would be

able to know at once what forms would be necessary, and I think it is only

fair to say that it is not the fault of this Committee that those fetUS "were

not formally approved by the other committee. .
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Mr. Robert H. Ford (Chicago, Rock Island & Pacific) :— I would like

to understand the remarks of the Chairman. Did you say it was or was
not the fault of Committee XI?

Mr. W. C. Barrett:—They really gave us that understanding that they

were not in a position to give their formal approval.

Mr. Robert H. Ford :—Do I understand from the Chairman that in

the event they do not now approve the forms that they will not be printed

in the new Manual? It was for that reason that they were included in

the report.

Mr. W. C. Barrett :—We wanted to have the rules entirely complete.

The Committee thought the forms properly belong to the rules and for that

reason, inasmuch as the rules had been approved by the three other com-
mittees directly interested, we went ahead with the forms to the best of

our ability.

Mr. Robert H. Ford:—I think while it seems technical, it is a very

important matter. Now we have the facts about this situation.

One committee which has authority in directing the work of this

respective Committee and with whom the other Committee was asked to

collaborate for some reason did not do it. Something- was not done that

should have been done and we are faced with this fact that if we adopt

this report, the Committee on Records and Accounts is practically made a

subordinate committee to the Committee on Rules and Organization.

I do not think that ought to be. It is unfortunate that Committee XI
(and I hope the Chairman is here and he can hear what I say) during the

past year did not take the necessary action to enable this Committee to

make its report in proper shape, but they have not done so and we are

face to face with this situation that if this report is adopted as read, the

committees have not collaborated as they should.

I hope the report of that section will not be adopted.

Mr. W. C. Barrett:—The Committee felt this way; that if the conven-

tion took the stand that it practically does, we would ask to have the forms

eliminated from the report and ask for the approval of the rules, leaving

the forms to be inserted when they can be properly handled. I move to so

amend the motion.

Mr. Robert H. I'ord :—With that understanding, I withdraw what I

have to .say.

The Chairman:—The motion on the adoption of Appendix C, including

forms appearing on pages 424 to 427, inclusive, has been amended to elimi-

nate the forms on pages 424 to 427. You are asked to vote on the amend-
ment to the motion.

(The amendment was carried.)

The Chairman:—You are now asked to vote on the adoption of Appendix

C as amended, begimn'ng with page 418 and extending to and including

page 423.

(The motion was carried.)

Mr. \V. C. Barrett:—Sui)ject 3, Collaborate with Committee VI

—

Buildings, on rules and regulations gfiverning the conduct of employees of
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the Buildings Department. No. 3 covers tlie work done by the Committee

last year. That work was sent back to the Committee for revision and

collaboration with the Committee on Buildings. That has been done and

the report will be found in Appendix D, and will be presented by Mr.

Barnhart.

Mr. E. H. Barnhart :—Appendix D is shown on pages 428 and 429.

These rules have been approved by the Committee on Buildings, and I

move the adoption of the rules found in Appendix D for inclusion in the

Manual.

Mr. J. L. Campbell (Southern Pacific) :—It seems to me that a dis-

tinction can be drawn between rules and specifications. The Committee

on Outline of Work probably has such definitions. Appendix A presents a

set of specifications. It is quite clear that they are specifications. Of course,

fundamentally, in a general way, rules and specifications are the same

thing, but a rule applies to one thing and specifications apply to something

else. I wanted to inquire why the Committee was putting in this set of

specifications as a set of rules, why it was necessary to include a specification

as a rule.

Mr. W. C. Barrett:—In answer to Mr. Campbell, I can only make the

same explanation that we made last year, that in the absence of any infor-

mation from anyone, not even the Board of Direction, as to the distinction

between a specification and a rule, we did the very best we knew how. We
thought perhaps that if we were not wise enough ourselves the wisdom of

the Buildings Committee would help us this time so that it would be a rule

and not a specification. If we have not succeeded, we will be very glad

to be enlightened.

Mr. A. F. Blaess (Illinois Central) :—In response to that I wish to

state that during the middle of the year Mr. Barrett met with the Outline

of Work Committee and brought up the question of getting a differentiation

between a "Rule" and a "Specification," in order that the Committee would

have something more definite to work on. We got up a tentative definition

for a "Rule" and for a "Specification" and put them out to the Committee

with the understanding that they had not been formally approved. While

this had not been handled by the Board, we hoped the Board would ultimately

pass on definitions for a "Rule" and a "Specification" that would not differ

materially from what we tentatively put out to the Committee. We made

an honest effort to clarify the matter and I think it was made clear and

well understood at the meeting of the Outline of Work Committee by

Mr. Barrett last summer.

Mr. W. C. Barrett :—We used that information as far as we could,

but knowing it was not official we did not publish it.

Mr. J. L. Campbell:—Mr. Chairman, I would like to ask if the Com-

mittee will not withdraw this specification from its recommendations as a

rule to be included in the Manual at this time.

Mr. W. C. Barrett:—As I understand from Mr. Campbell, the Board

has officially determined what is a "Rule" and what is a "Specification."
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Apparently this is a specification under the rules, so we will withdraw the

motion.

Mr. J. L. Campbell :—The Board has not yet acted on a definition of a

"Rule" or a "Specification," but the Committee on Outline of Work expects

to have such authorized definition for the coming year's work.

Mr. W. C. Barrett :— I will say this for the Committee, I am not

certain we will ever be able to differentiate according to the definition that

we received tentatively so far as building work is concerned. I am very

frank to say that is a very hard proposition that the Committee has been

working on for eight or ten years. We thought we had managed to stay out

of the realm of specifications and only submitted rules, but in view of the

apparent desire of the Board we will withdraw this and submit it only as

information.

Mr. Robert H. Ford:—I think in justification of the Committee, that

the convention ought to know they have tried earnestly and conscientiously

and consistently to solve the question as to what was a rule and what was a

specification. I want to say for my associates of the Committee on Out-

line of Work that we tried just as honestly and conscientiously and con-

sistently, and we found it was a bigger job than we expected. I hope that

the Board will see fit to approve what we have done, and if they have, I feel

more optimistic than the Chairman of this Committee. I think a good share

of their troubles are over with, and next year we will not be asking them to

take back much of the work they have done.

Mr. W. C. Barrett:—Subject 4, Continue the study and report on

"Manual of Rules for the Guidance of Employees of the Maintenance of

Way Deparmtent." That information will be found in Appendices E and F.

Appendix E covers rules for employees engaged in the supervision and

maintenance of work equipment. Mr. Barnhart will present that report.

Mr. E. H. Barnhart :—Appendix E is found on pages 429 and 430,

Rules 490 to 520, inclusive. This matter was submitted last year as infor-

mation, and a questionnaire was prepared and submitted to the membership

of the Association. Replies to that questionnaire are outlined on pages 412

and 413. After receiving the replies the Sub-Committee decided to submit

the revised subject-matter as now prepared in Appendix E under the

heading Supervisors of Work Equipment, Rules 490 to 499, inclusive; Work
Equipment Repairmen, Rules 505 to 512, inclusive, and Work Equipment

Operators, Rules 515 to 520, inclusive. Mr. President, I move the adoption

of the rules for inclusion in the Manual.

The Chairman:—It has been moved and seconded that Appendix E be

adopted for inclusion in the Manual.

Mr. L. Brousseau (Canadian National) :—I would bring to your atten-

tion the fact that the Division Engineers as mentioned in the proposed

rules do not always exist in the same capacity on all roads. It seems to

me that the term Division Engineers as mentioned in these rules should be a

little more explicit or be replaced by a more general term. I represent one

of the Canadian roads on which we have District Engineers with Division

Engineers under them. I would say that the same organization is in force on
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the two Canadian roads, that is the Canadian Pacific and Canadian National

Railways. We only represent five per cent of the A.R.E.A. registration, and

therefore if I am the only one making any objection, it would not be very

weighty. But I see from the convention Year Book that there are many

systems in the United States having the same organization or practically the

same, namely : District Engineers in charge and Division Engineers under

them. I do not know whether I am mistaken, but I would judge that the

Northern Pacific, the Baltimore & Ohio, the Illinois Central, the Atchison,

Seaboard, Chesapeake & Ohio, Nickel Plate and Frisco are under this

same organization.

I do not mean that the Division Engineer in every case or the District

Engineer has the same prerogative in handling work, but I think that the

replies received from the railroads showed more Division Engineers whose

work correspond to the work of the District Engineers on the Canadian

roads and several American roads, for instance. I would submit, to save

confusion, that instead of putting the words "Division Engineers," put the

words "Maintenance of Way Department," so that the Transportation Organ-

ization may not make the mistake of thinking that the Division Engineer,

when he is on a small territory, and working under a District Engineer as

previously stated, should handle his own equipment, as will happen in many

cases on certain roads.

Mr. W. C. Barrett :—I might say that in the original draft of this

Manual of Rules the Committee was faced with the proposition of finding a

title that would be general and could be used to mean any officer on any

railroad, regardless of what his title was. We thought it would be rather

poor construction to just leave a blank every time, so the Committee used

the words "Division Engineer." That does not mean definitely a Division

Engineer, as he may be given some other title on any railroad. It means

whoever is in charge of that department, and that I think was approved

by the Association and has been in practically all of the Committee's work.

That is not a definite title, but a general designation.

Mr. L. Brousseau :—I still maintain that the title is very different, and

I think the words "Maintenance of Way Department" would be much better.

(Appendix E was put to a vote and carried.)

Mr. W. C. Barrett :—Appendix F covers Rules for the Care of Motor

Cars, and that material was also approved this morning in connection with

the report of Committee XXII, Economics of Railway Labor, and was

specifically approved for printing in the Manual under Committee XII.

The Chairman :—No, sir.

Mr. W. C. Barrett :—Appendix G is to be found on pages 432 to 43S,

inclusive, and simply covers the Table of Contents as prepared by the

Committee, and I move you, Mr. President, that that Table of Contents be

approved and printed in the Manual.

(The motion was carried.)

The Chairman :—The Committee on Rules and Organization is dismissed

with the thanks of the Association. (Applause.)



DISCUSSION ON YARDS AND TERMINALS
(For Report, see pp. 557-657)

Mr. J. R. W. Ambrose (Toronto Terminals Railway) :—Mr. President,

in view of the fact that there will be a new edition of the Manual this year,

your Committee has spent a large part of its time in making a critical exami-

nation and revision of the subject-matter in the Manual pertaining to this

Committee. In presenting that part of the report, we will take up the

definitions first, as they are not debatable on the floor ; the revision material

second, and the new- material third. Each of the Sub-Committee chairmen

will handle their own work in that w-ay.

The first subject in the report is that on "Passenger Terminals." Mr.

Ripley is the Sub-Committee Chairman.

Mr. H. L. Ripley (New York, New Haven & Hartford) :—In line with

the announcement made by the Chairman, the section having to do with

Passenger Terminals wmII be given, and definitions taken up first. This

section will be found in Bulletin 294, at page 559. It is my understanding,

Mr. President, that no debate is allowed in connection with these definitions,

that they must be accepted or rejected. The President reminds me that

criticism in connection with these definitions may be made in writing.

I move the adoption of the definitions as printed in the Bulletin and

found under pages 559 and 560, Appendix B.

The Chairman :—It has been moved and seconded that the definitions

appearing at pages 559 and 560 be adopted and published in the Manual.

(The question was put to a vote and carried.)

Mr. H. L. Ripley :—On page 560 and subsequent pages will be found the

revised matter for the Manual. Prior to 1921 comparatively little work had

been done by this Committee in connection w^th passenger stations or passen-

ger terminals. Its work was centered theretofore largely upon freight yards

and freight terminals ; consequently the printed matter in the Manual of 1921

covered less than a page. The matter now presented, commencing at page

560, will be found, therefore, for a small part in the original printed volume

of the Manual but mostly in the Supplements since that date. No change

has been made in principles and this is substantially a rearrangement in

logical order of what has been already adopted piecemeal by the Association.

On page 560 there is a change in the arrangement of the matter that

appeared in the old Manual, consisting principally in sub-division by para-

graphs. Paragraphs 1, 2, 4 and 5, cover what was originally found in the

printed document. Paragraph 3 appeared in one of the Supplements.

No change in the language of any of the sections appearing on page 561

has been made, other than what has been noted.

On page 562: "Platforms, Combined vs. Separate," has been changed.

I will read the new paragraph: "There are many advantages in the use of

separate platforms for trucking and for passengers, as station operation

is facilitated and passengers are saved the annoyance of the trucking opera-
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tions. It is very probable that a station constructed with separate platforms

and a corresponding reduction in the number of station tracks will have

equal capacity with a station in which combination platforms are provided

and which occupies the same area ; due to the increased capacity per track

in the station with separate platforms." There is no change substantially,

only a change in form.

There is no change in the matter appearing on page 563 except the

substitution of the word "with" for "to" in the last line.

The only change in the matter appearing on page 564 is in paragraph

22 and again it is the changing of the word "to" to "with" in the second

to last line.

No change in connection with page 565 and none in connection with

page 566 except in paragraph 29, "Ramps." There is no change here in

principle, just in the form.

On page 567, paragraph 31, "Elevators and Escalators:" The language

has been changed and we believe clarified somewhat. No other change

appears on this page or the page following.

On page 569, "Principal Facilities and their Location:" The only

change is the omission of the words "so as" and the substitution of a comma.

The next change appears in connection with paragraph 55, "Cabs," etc.,

and here the change is merely to use the word "percentage" instead of "per

cent." Then there is a new sub-paragraph : "Facilities should be available

for making change, so that there need be no delay to taxicabs in unloading

passengers and getting away in case passengers do not have the exact

fare ready."

There is no change on page 571 with the exception of the changing

of the word "of" to "by" in the last line of paragraph 61.

On page 572, paragraph 65, no change except "on to" in place of "on."

That necessitates a corresponding correction in relation to the sub-title (b)

as it appears in the printed page.

Page 574, paragraph 67 : The language is changed but no change in

principle.

In paragraph 69 there is a typographical error. The first line should

read, "The rates of movement," instead of "Rates of movements."

No change in page 575.

On page 576, paragraph 76, there is a change and I will read that

paragraph. "When suburban business is heavy it is desirable to separate

the through and suburban service as their requirements are not similar." I

think this is the only change.

In paragraph 77 there is a typographical error. The word "avoided"

should appear instead of the word "used" as the last word of the paragraph,

so that it would read : "Exit turnstiles for handling large numbers slow up

traffic and should be avoided."

The plate appearing next is a revision of a plate that appeared some
years ago in the Proceedings. It consists largely in showing a four-track

approach instead of a two-track approach, and this, too, the Committee
wishes included in the Manual.
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Page 577 : The Committee had submitted and the Association had

approved a number of diagrams showing the size or number of facilities

required for varying proportions of mixed through and commuter service.

In order to save space this was omitted from the Bulletin but will appear in

the Manual.

Mr. President, I move the adoption of the Manual material appearing

on pages 560 to 577, inclusive, in substitution for that now appearing as

recommended practice in the 1921 Manual and Supplement subsequent

thereto.

The Chairman :—It has been moved and seconded that the material

appearing in this Bulletin be substituted for that now appearing in the

Manual of 1921 and the several Supplements. The question is now open

for discussion.

(The question was called for, put to a vote and carried unanimously.)

Mr. H. L. Ripley:—The new work of this Committee consisted of an

examination of many contracts, and a memorandum was prepared covering

"Points to be Considered in the Consolidation and Joint Use of a Passenger

Terminal, and in its Development and Operation." This is intended to

apply to large terminals and not to way stations jointly used.

The matter appearing on pages 578 to 581 has been condensed as much
as seemed reasonably possible; but it is still too long to appear in the Manual,

and the Committee believed it would be equally serviceable if, instead of

moving for the adoption of this matter, a list of the points to be considered

were printed in the Manual with a reference to the volume and pages of

the Proceedings where the text, or narrative report, could be found.

These conclusions, in this form, appear on pages 581 and 582. I assume

those interested have read the report and will be prepared to discuss or

object to anything that appears in it. Mr. President, in order to save time,

unless there is objection or you direct otherwise, I will not read them.

I move the adoption for the Manual of the 21 subjects listed on pages

581 and 582, together with the necessary reference to the volume and page

of the Proceedings where the subject-matter may be found.

The Chairman :— It has been moved and seconded that the 21 conclusions

appearing on pages 581 and 582 be adopted and published in the Manual. Is

there any discussion?

Mr. J. B. Jenkins (Baltimore & Ohio) :—Will these references contain

the information that the matter referred to has been adopted by the Asso-

ciation or will the reference leave the impression that it is merely a matter

of information?

Mr. J. R. W. Ambrose :—In answer to Mr. Jenkins' question, my
interpretation would be this, these conclusions as such are adopted by the

Association. Reference to the text from which these conclusions were
deduced will be made.

Mr. Robert H. Ford (Chicago, Rock Island & Pacific) :— I do not be-

lieve that covers Mr. Jenkins' point, which is an excellent one. As I under-

stand Mr. Jenkins, he says that these references after adoption by this Asso-

ciation are official. Now the Committee for good and sufficient reasons
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decide that it is best that they should not be printed in the Manual as

written but rather that they be referred to so they can be easily reached.

I think that if the Committee will consider the desirability of so indicating

that they have been accepted as recommended practice, it will cover the

point raised by Mr. Jenkins and will leave any reader to know that it is

good practice although not printed directly so in the Manual.

Mr. H. L. Ripley :—In the light of what has been said, I move that

the subject-matter on pages 578 to 581, inclusive, be adopted and printed in

the Manual as controlling principles governing points to be considered in

the consolidation and joint use of a passenger terminal and in its development

and operation.

The Chairman:—The motion is on the adoption of the material appear-

ing in the Bulletin beginning at page 578 and ending at page 582 for adop-

tion and publication in the Manual. Is there any further discussion?

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) :—If the subject-

matter as outlined here is adopted for printing in the Manual, I would sug-

gest that it end at the word "conclusions" at the bottom of page 581,

inasmuch as the conclusions are a repetition.

Mr. J. R. W. Ambrose :—The Committee accepts that.

Mr. C. W. Baldridge :—That then will become part of the motion.

The Chairman :—Is there any further discussion ?

(The question was put to a vote and carried.)

Mr. H. L. Ripley :—The Committee has spent a considerable amount of

time in the last two years collecting copies of various existing contracts

and agreements governing the larger terminal project. During the present

year it has attempted to outline, and has outlined, the points which it believed

should be covered in an agreement between companies participating in a

joint terminal project.

In the present Manual there is a recommended form of contract for

the joint use and operation of way passenger stations. That material and

this proposal in no way conflict. The Committee Chairman has been in

close touch with the Chairman of the Committee on Uniform Contract Forms,

and we are agreed that, so far as our understanding goes, it is the proper

method of procedure for this Committee, having to do with Yards and

Terminals, to point out the cardinal points that should be covered in the

contract, present them to the Committee on Uniform General Contract

Forms, and then it is the function of that latter Committee to put the matter

in the proper form to be presented to this convention as a finished product, a

typical agreement, at the next or some subsequent meeting ; co-operating

with the Committee on Yards and Terminals in that work.

Mr. President, I move that this matter be referred to the Committee on

Uniform General Contract Forms, to be reported upon as suggested.

(The motion was carried.)

Mr. J. R. W. Ambrose:—The next subject is "Scales," to be found in

Appendix C, and Mr. Harrison, the Chairman, will handle the revision of

the Manual matter first, taking up some definitions.
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Mr. M. J. J. Harrison (Pennsylvania) :—Mr. President, the part of the

report dealing with Scales is found on pages 592 to 612, inclusive.

First, I wish to call your attention to the new definitions appearing on

page 612. There are no corresponding definitions in the present Manual and

these definitions are proposed with a view to making the list complete and

consistent.

I move you, sir, that the three definitions appearing on page 612 be

approved for publication in the Manual.

(The motion was carried.)

Mr. M. J. J. Harrison:—Under the heading of Revision of Manual,

your attention is first directed to the revision proposed in the Rules for

the Location, Maintenance, Operation and Testing of Railway Track Scales,

as appearing on pages 612 and 613. The changes proposed have to do

as far as this section is concerned with the gradients for motion weighing

w^hen a track scale is so used.

The object of the change is to present more clearly just what is desired.

The controlling thing, as we see it, is the length of time that the car is on

the scale rather than the actual speed of the car across the scale in miles

per hour. This section, therefore, has been redrafted with that thought

as the controlling feature, and I move you, sir, its adoption.

(The motion was carried.)

Mr. M. J. J. Harrison:—We next present for your consideration some

revisions in the Specifications for the Manufacture and Installation of Motor

Truck and other scales, which specifications were adopted by the 1923

convention and appear at the present time in Volume 24. The reason for

proposing this change is the economic situation which has apparently devel-

oped as a result of the adoption of the original specifications in 1923. It is

unfortunate that the original specifications do not seem, so far as your

Committee has been able to find, to be acceptable to anybody, and changes

are therefore recommended which it is believed will render the specifi-

cations acceptable, or at least more acceptable.

The principal changes recommended are in the corner ratings which,

of course, govern the entire strength and design of the scales to which they

apply.

Unless the President desires these read in detail, I move tlie adoption of

the revision. Mr. President, this applies to matter appearing at the bottom

of page 613, page 614 and page 615.

The Chairman :— It has been moved and seconded that the material

appearing on pages 613, 614 and 615 be adopted and published in the Manual.

(The motion was carried.)

Mr. M. J. J. Harrison:—Under the heading of new work, your Com-
mittee now invites your attention to the matter appearing on pages 593 to

610, inclusive. Specifications for the Manufacture and Installation of Two-
Section Knife-Rdge Railway Track .Scales. This is a specification for

something which has recently lx:en developed and for which there was

apparently need for a specification, which your Committee was requested

to prepare. The specifications as they arc here presented are based on the
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specifications which were adopted by this Association in 1920, and which

now appear in the 1921 Manual.

The revisions or the changes from those specifications were made after

a very critical examination of the 1920 specifications, and changes were

made only when it was clearly shown that the 1920 specifications would not

apply to two-section track scales. I desire to call your attention to the

fact that the adoption of these specifications does not and will not in any

way nullify the 1920 specifications. The 1920 specifications were applicable

to a four-section track scale, which was the type generally in use at that

time and since, until just recently. The specifications here proposed are

applicable to two-section track scales. The choice as between the two types

of scales will rest with the purchaser.

Your Committee has had the benefit of the advice of the Committee

on Iron and Steel Structures in connection with that part of the specifica-

tion here proposed dealing with weigh-bridges, and has accepted the advice

so given.

I move you, Mr. Chairman, the adoption and publication in the Manual

of the matter appearing on pages 593 to 610, inclusive.

(The question was called for, put to a vote and carried unanimously.)

Mr. J. R. W. Ambrose :—The next subject under the head of "Freight

Terminals" will be presented by Mr. J. E. Armstrong, the Chairman of

that Sub-Committee.

Mr. J. E. Armstrong (Canadian Pacific) :—Your Sub-Committee pre-

sents the material in regard to Freight Terminals, which it believes should

be included in the new Manual. It recommends the adoption of the defini-

tions and conclusions appearing in the right-hand column, starting on page

616 of Bulletin 294, in addition to or in substitution for the definitions and

conclusions appearing in the left-hand column. The conclusions marked

with an asterisk are based on the 1926 report of this Sub-Committee and

have not previously been acted upon by the convention. A few new defini-

tions are recommended and it is also recommended that seven of the present

definitions in the Manual be omitted.

Mr. Chairman, I move the adoption of the definitions appearing in the

right-hand column on pages 616 to 620, inclusive, in substitution for or

addition to the definitions now appearing in the Manual and Supplements

as shown in the left-hand column on these pages.

(The motion was seconded, put to a vote and carried unanimously.)

Mr. J. E. Armstrong:—In regard to the conclusions commencing on

page 621 and continuing through to page 649, the left-hand column shows

the present form in the Manual and Supplements and the right-hand column

shows the proposed form. Conclusions one to seven, inclusive, are new
conclusions, based on the 1926 report of this Sub-Committee.

Mr. Chairman, if we can take up any discussion in regard to these

conclusions as we go along, I think it might facilitate the matter.

The other conclusions on page 622 and those on pages 623 and 624

are all rearrangements of the wording of existing conclusions in the Manual,
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with a view of bringing the key words to the beginning of the paragraph

in each case.

On page 625 conclusions 23, 24 and 25 are based on the 1926 report

of this Committee. Conclusions on pages 626 to 631, inclusive, are based

on existing Manual material w'ithout change of intent.

On page 632 there is a typographical error in the first item after con-

clusion 56. The item should read : "Omit. These two items are covered by

items 5(c), 21, 25 and 35."

Conclusions on page 633 to 645, inclusive, are based directly on the

present Manual and Supplements. About the middle of page 645 in the

right-hand column your Sub-Committee recommends that the Catechism

of Yard Design and Operation which now appears in the 1921 Manual be

left out of the new Manual, and that a reference be placed in the new

Manual showing where that catechism can be found in the Proceedings and

in the 1921 Manual.

From the foot of page 645 to 649, inclusive, it is recommended that

the material now appearing in the 1921 Manual be omitted for further con-

sideration. In each case the present material is in the form of general

statements w-hich are of relatively little value, and your Sub-Committee

would like to have an opportunity of presenting this information in more

definite form before again including it in the Manual.

Mr. Chairman, I move the adoption of the conclusions appearing in

the right-hand column on pages 621 to 649, inclusive, in substitution for

or addition to the material in the present Manual and Supplements as appear-

ing in the left-hand column on these same pages.

The Chairman :—It has been moved and seconded that the material

appearing on pages 621 to 649, inclusive, right-hand column, be adopted

and published in the Manual. Is there any discussion?

Mr. C. W. Baldridge :—If I understood the Committee Chairman cor-

rectly, there is a certain matter here that is to be eliminated from the

Manual with reference in the Manual to where that matter can be found

in the Proceedings.

It is assumed, and I believe it is true, that a good many people buy

copies of the Manual who do not have the Proceedings at their disposal

and for that reason I would suggest that committees be a bit careful not

to depend too much on referring to the Proceedings on matters which are

recommended practice and should appear in the Manual.

Mr. J. E. Armstrong :—Mr. Baldridge, the Sub-Committee's view in

condensing this particular item is that it was prepared for a special purpose

at a special time because of lack of that kind information in the Manual.

The new Manual will be much more complete in that kind of information

than the present Manual and it seems probable that when the next succeed-

ing Manual is issued even this reference can be omitted.

Mr. C. W. Baldridge:—Do I understand it is the Committee's intent to

remove it?

Mr. J. E. Armstrong :—Eventually.
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Mr. Lowell White (Atlantic Coast Line) :—On page 622, paragraph

8; I would like to ask the Committee on what data the change from 42 to

45 feet is based for the average car length.

Mr. J. E. Armstrong :—This is based on some measurements, some opin-

ions, and somewhat on judgment. Different roads have different car lengths to

contend with. There is one road that has an average car length in the

neighborhood, I believe, of 25 feet. There are other roads which have an

average car length in certain yards fully up to 45 feet. The length is gen-

erally increasing and the Sub-Committee is of the opinion that 42 feet is

now too short in many cases. I will grant you that 45 is too long in many
cases, but let us play safe with the figures that we place in the Manual.

The Chairman :—Is there any further discussion.

(The motion was carried.)

Mr. J. R. W. Ambrose :—The next subject is "Car Retarders." Mr.

Gersbach will give you a brief synopsis of his progress report.

. Mr. Otto Gersbach (Chicago Junction) :—Mr. Chairman, the report of

this Committee has been confined principally to the essential points to be

considered in designing a yard for car retarders. Attached to the report

are plans and profiles of four yards that have been equipped with retarders.

The Blue Island yard is the latest installation and as it is based on the

experience at the other three yards, I think it may be taken as a typical

layout in designing such a yard. In recent conversation with the Engineer

who designed this yard and is acquainted with its operation, he stated that

the grades as originally laid out have proven satisfactory and he recom-

mends no changes.

I saw the moving pictures yesterday of the Blue Island yard in opera-

tion. I have been out there a number of times and during each visit to the

yard, the cars were running about as shown in the picture. I have nothing

further to add.

The Chairman:—If there is no objection it will be received as infor-

mation.

Mr. J. R. W. Ambrose:—On page 654 of the Bulletin you will find a

discussion on the mathematics of "Hump Grades" and I commend this to

you for use as a wonderful mental exercise.

I think this is one of the most important subjects before the Asso-

ciation. Your Committee will endeavor to submit the design of an ideal

hump yard together with sufficient information regarding the effect of various

location conditions to enable one to modify the ideal design to suit his

particular requirements, either with or without the use of car retarders.

Mr. President, that concludes the Committee's report.

The Chairman :—This Committee is to be complimented on the very

great amount of excellent work done during the past year and is dismissed

with the thanks of the Association. (Applause.)
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(For Report, see pp. 659-713)

Mr. F. R. Judd (Illinois Central) :— I want to make a little apology about

presenting this report this morning. I was notified only yesterday that it

would be necessary for me to present this report, that unexpectedly our

Chairman, Mr. Dorrance, would not be able to be here ; but I am assured

by Mr. Rodman he' had expected to start for the convention on Wednesday
morning.

The report will be found starting on page 659 of Bulletin 294. On
page 659 are shown the subjects that have been worked upon and the action

recommended.

The first subject is shown under Appendix A and was handled by

Mr. G. A. Belden, Chairman of the Sub-Committee, but in his absence

I will call on Mr. F. L. Riley to present this subject.

Mr. F. L. Riley (Baltimore & Ohio) :—The recommendations of the

Committee are shown in Appendix A, page 660 of Bulletin 294. There are

several headings which to some extent are changes in words, and some

additional paragraphs. First, No. 1 is Freight Houses ; No. 2, Oil Houses

;

No. 3 is Rest Houses ; No. 4 is Passenger Stations ; No. 5 is Specifications

for Railway Buildings.

I move these revisions as indicated in Appendix A, pages 660 to 662,

be adopted for the Manual.

The Chairman :—It has been moved and seconded that the revision of

the Manual appearing in Appendix A, pages 660 to 662, be adopted for

inclusion in the Manual. Is there any discussion?

Mr. J. E. Willoughby (Atlantic Coast Line) :—Did the Committee give

specific consideration to the attachment of fixtures in the waiting rooms

to the seats so that the passengers might have an opportunity to read?

Mr. F. L. Riley :— I do not think we considered that particular feature.

Mr. J. E. Willoughby :—Would the Committee have any objection to

considering it ?

Mr. F. L. Riley:—We will be glad to consider anything that you

think might be worth while under the circumstances to improve this con-

dition. There are a number of waiting rooms that are not ideal for reading,

that are considered as usually fairly well lighted, but there are any num-

ber of them where I have found difficulty myself in reading. We would

be very glad to consider the matter for that purpose. You are speaking

now principally about the lights on the seats?

Mr. J. E. Willoughby:—Yes, and I would call llic attention of the

Committee to the Broad Street Station at Richmond, Virginia, and the

Jacksonville Terminal at Jacksonville, where the lights have been put on

the seats rather than elsewhere with the specific purpose of giving light

to passengers sitting awaiting the coming of the trains.

1413



1414 Buildings

Mr. F. R. Judd :—The Committee did give consideration to that. In fact,

some of us are famiHar with the Jacksonville lighting, but that only applies

in specific cases where high ceilings are encountered and where the exact

arrangement of the settees or seating fixtures can be pre-determined. How-
ever, if Mr. Willoughby will suggest a paragraph of what he has in mind,

we will be glad to include it in this report.

Mr. J. E. Willoughby :—I move that there be added to Section 4,

Passenger Stations, after the words "For waiting rooms, ticket offices,

rest rooms, toilet rooms, smoking rooms and concourses, indirect or semi-

direct lighting is recommended, with fixtures attached to the seats where

practicable."

Mr. F. R. Judd :—The Committee will accept that. I would like to

suggest that we include in that statement "where ceilings are high."

(The motion was seconded, put to a vote and carried.)

Mr. F. R. Judd :—The next subject is under Appendix B and will be

found on page 663 consisting of "Study and Report on Steel Sash Versus

Wood Sash for Railway Buildings." The Chairman of the Sub-Com-

mittee, Mr. Harrison, has had an unfortunate accident. He broke his

glasses a short while ago, and so I will call on Mr. A. C. Irwin to present

this report.

Mr. A. C. Irwin (Portland Cement Association) :—Appendix B, page

663, Bulletin 294, is the report of the Sub-Committee on Subject (3), Study

and Report on Steel Sash Versus Wood Sash for Railway Buildings. The

Committee is not recommending that this report be accepted for printing

in the Manual, but simply as information. The subjects treated in the

report I will read by headings with the idea of inviting discussion : Wood
vs. Steel Sash for Railway Buildings ; Wood Sash ; Hollow Metal Sash

;

Solid Bar Sash ; Operating Devices ; Ventilation ; Maintenance ; Protective

Coatings, Tightness, Life and Summary.

The Chairman:—If there is no objection it will be received as informa-

tion. It is so ordered.

Mr. F. R. Judd:—The next report will be found under Appendix C on

page 665, "Study and Report on Plastic and Composition Floors for Rail-

way Buildings." I will ask Mr. A. L. Sparks, Chairman of the Sub-Com-

mittee, to present this subject.

Mr. A. L. Sparks (Missouri-Kansas-Texas) :—On account of the in-

creasing cost of high grade wooden products and the tending increase in

cost of maintenance due to the lowering of quality of such products on

account of their short life, your Committee has attempted to find some

substitutes for wooden products, and they offer as information for your

consideration four different types of construction.

The first of these is Portland cement. The second is asphalt mastic.

The third is terrazzo, and the fourth is magnesite composition for floors.

All members who have to do with the construction and maintenance of

buildings are more or less familiar with the first of these types. I do not

think it requires any particular comment. The other three types are more
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or less highly specialized types of construction vvitli which we are not

quite so familiar.

The information is offered for comment and brought to you with the

hope that it will stimulate thought and investigation. There has been a

large percentage of failures in some of these types of construction; never-

theless, they have considerable merit. We call to your attention some of

the causes of failures and some things that might contribute to success.

We oflfer this as information and move its adoption.

The Chairman :—Are there any suggestions in connection with this

report? If not, it will be received as information.

Mr. F. R. Judd :—The next subject is "Study and Report on Permis-

sible Grades for Ramps for Railway Buildings." This will be found on

page 669 under Appendix D. Mr. Wilbur, Chairman of this Sub-Com-
mittee, will present the report.

Mr. O. G. Wilbur (Baltimore & Ohio) :—The report of this Sub-

Committee on permissible grades for ramps for railway buildings, will

be found, as stated, on page 669, Bulletin 294, Appendix D. The Committee

studied this subject from two angles, the first covering "Pedestrian Ramps,"
and the second, "Trucking Ramps."

Ramps now in use in the Grand Central Station, New York City, the

Chicago Union Station and other locations, have been studied and used as

the basis of this report. In order to give you a resume of this report I

might state that in designing the ramps for the Grand Central Station

experimental ramps were constructed which were ascended and descended by

persons carrying baggage and other burdens. As a result of these experi-

ments the ramps in the Grand Central Station were constructed, in general,

on grades not exceeding ten per cent. There is, however, one ramp leading

in from the street to the concourse floor level which is on an eleven and

six-tenths per cent grade.

These ramps were originally surfaced with cement ; of course, they are

of concrete construction. They were originally surfaced with cement

treated with carborundum, a patented Solry cement tile and also a clay tile.

The clay tile, however, when first laid was thought to have abrasive qual-

ities of sufficient extent to avoid slipping, but it was found under traffic

to soon wear down and become slippery and was later removed. Several

ramps in the Grand Grand Central Station have been resurfaced with

Kingwood stone, Potsdam sandstone and travertine. The stone, it is found,

wears rather rapidly under heavy traffic, and the conclusions are that the

cement treated with carborundum and the Solry cement tile are in general

giving the best results.

The Chicago Union Station ramps connecting the concourse with the

passenger floor are 6.75 per cent grade and are surfaced with cement

treated with carborundum. There is also one ramp leading from the street

to the concourse which is about 182 feet long, on an eleven per cent grade.

This ramp is surfaced with a so-called "Art Marble Tile." The tiles are

three and seven-eighths inches wide by twelve inches long and are laid

with the face of the tile at a slight inclination to the grade of the ramp,



1416 Buildings

with the uphill edge of the tile beveled, which affords a very eflfective

foothold.

With relation to the ramps in the Grand Central Station I might say

that some of the ten per cent ramps, about thirty feet long, are used by

motor trucks. The fact that the ramps on which these trucks are operated

are only thirty feet long is, no doubt, the reason why no material difficulty

is found in the operation of the trucks. It has been determined, by experi-

ment, that motor truck operation becomes uneconomical on grades approach-

ing ten per cent for the reason that to avoid slipping additional weight must

be added to the truck or tractor, and by so doing the pay load is necessarily

reduced. The Burlington has recently constructed a three-story, reinforced

concrete general storehouse at Aurora which is equipped throughout with

ramps for tractor and trailer service, no elevators being provided in the

building. These ramps are constructed on a seven per cent grade and are

giving complete satisfaction.

In conclusion, I refer you to the summary on page 671, which is as

follows

:

"Ramps for pedestrian use only, surfaced with a non-slip material and

constructed on grades under twelve per cent give satisfactory results.

"Ramps for trucking service, either hand or power, develop difficulty

and uneconomical operation when the grade exceeds seven per cent unless

the distance traversed is very short.

"Results obtained from operation of ramps on these grades have been

exceedingly satisfactory and it is felt that a great measure of the successful

operation of the terminal facilities mentioned in this report, in handling

people, baggage, mail and express, is due to the use of ramps and to the

elimination of elevators, stairways, conveyors, etc."

I intended to mention that a recent traffic survey in connection with the

Qiicago Union Station indicated that the ramps are used by pedestrians

in preference to the stairways in the ratio of two to one.

Mr. President, this report is offered for information and I move you,

sir, that the first two paragraphs under the summary on page 671 be

approved for publication in the Manual.

The Chairman :—If there is no objection, the report will be received

as information.

There is a motion that the first two paragraphs, as read, under the

summary on page 671, be approved for publication in the Manual as recom-

mended practice. Is there any discussion?

Mr. C. H. Blackman (Louisville & Nashville) :—I note that there is a

variance in this twelve per cent from that adopted by the Committee on

Yards and Terminals, page 566, which says that the gradient for passenger

ramps should not exceed ten per cent.

Mr. O. G. Wilbur :—I might add that there are now in operation, and

giving successful results in the Grand Central Station and the Chicago

Union Station, ramps on grades exceeding ten per cent, but less than

twelve per cent.
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Mr. C. H. Blackmail:—Should not the Board of Direction determine

whether the question belongs to this Committee or the Committee on Yards

and Terminals?

The Chairman:—Yes, that would be a matter for the Board of Direc-

tion to determine.

lilr. B. R. Leffler (New York Central) :—Is it not a fact that the

grade or rate of ascending should be a function of the vertical height to

be traveled? It seems to me that I might not hesitate to walk up a ramp
of four or five feet vertical ascent on twelve per cent grade, but if I were

to climb up twenty feet it would make a difference. I think there should

be something said about the height which people are to ascend.

Mr. C. H. Motticr (Illinois Central) :—Unfortunately this is a question

on which you cannot draw a very tight line. It is largely a matter of

judgment and the amount of energy the individual has available to get

from the bottom to the top of the ramp. My impression, however, is that

in the Grand Central Terminal they used ten per cent wherever the result

could be obtained with that gradient. I believe there are in this country

ramps being used in passenger stations with gradients as high as sixteen

per cent. It does not necessarily follow, however, that it is good practice

to use such a steep gradient.

The only reason I arose to speak is the fact that there are probably

some here who will go on the Illinois Central excursion tomorrow, and if

they are sufficiently interested they can try out the ramp to the lower level

of the Van Buren Street Station which is ten per cent.

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) :—The rate of

grade of ramps as suggested by the Yards and Terminals Committee, which

we adopted a short time ago, is found on page 566, article 30, and states that

the gradient for passenger ramps should not exceed ten per cent. On page

568, article 40, it states that a gradient of 6.5 per cent is the steepest yet

used to any extent for trucking ramps in large passenger stations.

In view of the fact that we have adopted the suggestions of the Com-
mittee on Yards and Terminals, I would like to offer an amendment to the

motion that has been made to the effect that these conclusions now being

considered be referred back to the Committee with a request that they

confer with the Committee on Yards and Terminals and bring in some
figures on which both committees agree for next year's work.

Mr. F. R. Judd:—I think you will agree with me that this subject has

been definitely assigned to this Committee. I do not know that it was definitely

assigned to the other committee. However, we will be glad to confer with

the other committee on it and we, therefore, accept that amendment.

The Chairman :—The Committee accepts the suggestion and agrees to

have this subject referred back in order that an agreement may be reached

with the Committee on Yards and Terminals. If there is no objection

it is so ordered.

Mr. F. R. Judd:—The next subject is "Study and Report on Various

Forms of Unit Construction for Railway Buildings," and will be found
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under Appendix E, page 671. Mr. A. C. Irwin, Chairman of tlie Sub-

Committee, will present this report.

Mr. A. C. Irwin:—Subject No. 8 is "Study and Reports on Various

Forms of Unit Construction for Railway Buildings." Your Committee at

first was a little at a loss to know just what the meaning or scope of that

assignment was. The conclusion it finally reached in that matter, however, is

that each of the various types or systems of unit constructed buildings that

have actually been used for railroad purposes should finally be treated by the

Committee.

With that idea in view, the selection was first made of concrete unit

construction, probably because we seemed to have a little data on that at

that time. If the subject is continued for work next year, it is the

expectation that the Committee will report upon one or more other types

of unit construction.

The report extends from page 671 to 681, inclusive, and is submitted

as information. I move you, Mr. Chairman, that this report be accepted

by the Association as information.

Mr. Robert H. Ford (Chicago, Rock Island & Pacific) :—Mr. Chair-

man, I have no objection to the motion. I think it is a very proper one,

but I notice that the Committee (and in view of the remarks of the

speaker about being in doubt as to what the scope of the work carried)

has confined its progress report entirely to the question of unit construc-

tion for concrete buildings.

Now, I merely call the Committee's attention to the fact that unit

construction does not necessarily mean concrete buildings.

Mr. F. R. Judd :—It was my impression that Mr. Irwin made that clear,

that the subject is a broad one and in the time we have had, we have had

the opportunity to discuss only one material for unit construction. It is

our intention to carry this report forward and next year bring in the

report on other materials, such as steel buildings and so on.

The Chairman:—If there is no further discussion, this report will be

received as information.

Mr. F. R. Judd:—The next subject will be found under Appendix F,

page 682, "Study and Report on Various Substitute Materials for Wooden
Construction of Railway Buildings, with Special Reference to Economic

Features." This report will be presented by Mr. Rodman, Chairman of

the Sub-Committee.

Mr. G. A. Rodman (New York, New Haven & Hartford) :—As
stated on page 682, it is not intended that this report attempt to give fig-

ures showing comparative costs of various substitutes, but simply make
comparisons.

On pages 682, 683 and 684 are found suggestions for substitutes for

wooden construction. I do not believe it is necessary to read them. This

is submitted as information, and I move you, Mr. Chairman, that it be

accepted as such.

The Chairman:—If there is no discussion the report will be received

as information.
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Mr. F. R. Judd :—The next subject is "Specifications for Railway

Buildings." The Committee has offered three specifications, namely, Slate

Roofing, Sheet Metal Work, and Structural Steel and Iron. We will

present the specifications for Slate Roofing for discussion and will be glad

to hear what the members have to say concerning it. If there is no dis-

cussion on slate roofing, I move you, Mr. President, that that specification

be accepted for printing in the Manual.

(The motion carried.)

Mr. F. R. Judd:—Mr. Chairman, I move the adoption of the specifi-

cation for Sheet Metal Work for inclusion in the Manual.

(The motion was carried.)

Mr. F. R. Judd:—I now move the acceptance of the Specifications for

Structural Steel and Iron for publication in the Manual.

Mr. P. B. Spencer (New York, New Haven & Hartford) :—I wish

to say in preparation of this specification Committee VI called on Com-

mittee XV—Iron and Steel Structures for collaboration, and there are

a few points which Committee XV would like to have brought before

the house.

The first is found on page 697 of the Bulletin, under the suli-heading

Columns, paragraph 29. The second sentence of this paragraph reads

:

"Cast iron columns shall not be used in buildings of a height greater than

twice the width, or over 100 feet high." Committee XV believes this to

be too generous a provision for the use of cast iron columns, as these are

not considered as good as steel columns ; cast iron columns could run under

the 100 foot provision to seven or eight stories high.

I move as a substitute for the second sentence of Article 29, the follow-

ing "cast iron columns shall not be used in buildings of a height greater

than two stories above the ground surface."

Mr. F. R. Judd:—This Committee has no objection to accepting that.

In fact there was some diversity of opinion among ourselves as to the use

of this 100 feet.

The Chairman:—Is there any further discussion?

Mr. P. B. Spencer :—On page 697, Article 34, Symmetrical Sections,

the second sentence reads "Single angles shall have outstanding leg con-

nected by clips or only the flat leg shall be considered to take stress."

This provision for angles does not quite conform to the bridge speci-

fications. It penalizes single angles somewhat more than the bridge speci-

fication does, and in order that it be brought into line with the bridge

specification, I move that the following be substituted for the second sen-

tence of Article 34: "The effective area of single angles in tension shall

be assumed as the net area of the connected leg plus fifty per cent of the

area of the unconnected leg. Single angles connected by lug angles shall

be considered as connected by one leg."

Mr. F. R. Judd:—The Committee will accept that revision. Is there

any further suggestion?

Mr. P. B. Spencer :—There is one further item which I think is an

omission. It will be found on page 705 under the general heading of Shop
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Inspection. This covers a specification for the carrying out of shop in-

spection which is in most respects similar to the bridge specification and

to the standard practice of the American Society for Testing Materials.

There has, however, been omitted between Articles 83 and 84 a section

which in the bridge specification reads as follows : "Cost of Inspection.

The contractor shall afford the Engineer free of cost all reasonable facili-

ties to satisfy him that the material is being furnished and the work done

in accordance with these specifications." I would suggest and move that

this clause be included in the building specification.

Mr. F. R. Judd:—The Committee will be glad to accept that sug-

gestion and incorporate it in the specification. I wish to take this oppor-

tunity to thank the Sub-Committee of Committee XV for their splendid

cooperation with us in preparing the Specification for Structural Steel

and Iron.

The Chairman:—Is there any further suggestion?

Mr. T. L. Condron (Consulting Engineer) :—'There are one or two

suggestions I would like to offer to the Committee. It may not be quite

the place to specify footing loads in this specification but as the other loads

are specified, it seems to me desirable that some consideration be given to

loads on footings on page 692, paragraph 5. The percentage of live load

going into the columns is provided for. I would suggest that the Com-

mittee go a step further and provide a definite percentage of the live load

of the lower columns (basement or first floor), shall be carried into the

foundation, for the reason that it is common practice to do so and where

it is not taken care of, the foundations become unbalanced between the

wall and the interior columns. Therefore, I would simply suggest the

addition of a phrase that seventy-five per cent of the live load (without

impact) on the lower column be taken into the footing.

The next suggestion I have to offer is on page 694, paragraph 12. It

reads: "Members subject to stresses produced by a combination of dead

load, live load and impact with lateral or longitudinal forces, may be pro-

portioned for unit stresses 33 1/3 per cent greater than those specified in

Article 6, but the section shall be not less than that required for dead load,

live load and impact." It is frequently necessary to provide a section to

take care of distortion due to temperature in the columns where no ex-

pansion joints are provided in the roof, and I think some provision should

be made in this paragraph by adding after the words "longitudinal forces"

the words "including temperature changes" and raise 33 1/3 per cent to

50 per cent ; in other words, where the 18,000 lb. is the base stress without

these longitudinal forces set up here, particularly if the temperature is

taken into account, there seems to be no objection to that stress being

brought up to 27,000 lb. The combination of stresses is unusual and oc-

casional, as long as the stress does not exceed the elastic limit, we do not

have a permanent set in the column.

I have one other, on the next page under the subject of expansion,

No. 16. I would suggest the Committee consider adding the sentence,
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"Where expansion joints are not used stresses due to temperature changes

shall be considered in determining sections."

Passing now to page 712 under the heading of special loads, paragraph

106, lateral force, reads : "The lateral force on crane runways to provide

for the effect of crane trolleys shall be 20 per cent of the rated capacity

of the crane." I think that is not quite right. The lateral force exerted

should not only include the rated capacity of the crane but also include the

weight of the trolley, which is sometimes even greater than the rated

capacity. The forces required to start is equal to 20 per cent of the

weight of the trolley and the carried load.

Likewise, in paragraph 107, headed "Longitudinal Force," the same

phrase is used in the second sentence, "In the design of crane runways

provision shall be made for a longitudinal force per rail equal to 10 per

cent of the rated capacity of the crane." It is more customary to make

this 10 per cent of the wheel loads on the crane rail, as the wheel loads

on the crane rail depend on the position of the trolley on the crane and

they are always determined for each particular case. Therefore, the longi-

tudinal force should be 20 per cent of the wheel loads.

The Chairman :—Mr. Condron, are you offering the suggestions as

amendments to the specifications?

Mr. T. L. Condron :—I felt that if I had more opportunity to take it

up personally with the Committee I would have been glad to have them

incorporate them as they saw fit. I will offer them as amendments in

order to bring them definitely before the Committee. They are in the

nature of omissions rather than errors.

Mr. F. R. Judd :—The Committee is willing to accept the amendments

suggested by Mr. Condron for Articles 106 and 107. However, the other

ones with regard to the foundation loads should remain out of the speci-

fications. If anything, it belongs to the masonry specifications.

However, the Committee feels that the usual practice would be to

design the base of the column for the column load and proportion the

foundation accordingly. Another reason why we have omitted it is because

there is a great deal of diversity of opinion on that subject and it would

be at variance with the majority of the building ordinances.

Mr. T. L. Condron:—That is in variance to the building ordinance of

the city of Chicago except that for pile foundations it is required that a

percentage of the full live load- be used and the building department has

repeatedly realized that the modification of loads in connection with pile

foundations has really more bearing on the spread foundations than on

the pile foundations and therefore it is conceded that the reduction of the

live load on spread foundations is good practice.

The Chairman :—The Committee accepts part of the amendments pro-

posed by Mr. Condron and does not accept the others. The motion there-

fore is upon those amendments which are not accepted by the Committee.

Mr. B. R. Leffler :—I understand that the Committee will not accept

the proposal of Mr. Condron on Section 12?
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Mr. F. R. Judd :—That is right. We do not feel that we should

accept either the amendment of Section 12 or Section 16. The majority

of the buildings for which these specifications will be used will be heated

buildings and temperature change will amount to very little, and if we
incorporate such a clause in there, there will be a tendency then to over-

look the 33 1/3 per cent when the temperature consideration is omitted.

In view of the fact that the temperature will have very little to do with

the average building construction on these specifications we thought it was

best to leave out any reference to temperature stresses and further increas-

ing the allowable unit stress.

Mr. B. R. Leffler:—I was somewhat inclined to favor Mr. Condron's

amendment as regards temperature changes. It seems to me we cannot

be too positive about the degree of temperature changes. It is a force just

the same as wind or any other force that may act on a building. I am
inclined to think we should insert a clause "for temperature changes."

The Chairman :—Will Mr. Condron now state the amendments he

proposes, referring to the paragraphs mentioned?

Mr. T. L. Condron :—The first amendment applies to paragraph 16.

I would move you that there be added to paragraph 16 the sentence reading,

"When expansion joints are not used stresses due to temperature changes

shall be considered in determining sections."

The Chairman:—Is there a second to that motion?

Mr. B. R. Leffler :—I will second that motion, Mr. Chairman.

The Chairman:—Is there any further discussion on the motion?

(The motion was carried.)

Mr. T. L. Condron :—In paragraph 12 add to the second line of the

second paragraph after the words "longitudinal forces" the words, "includ-

ing temperature changes." The sentence would then read, "Members subject

to stresses produced by a combination of dead load, live load and impact

with lateral or longitudinal forces, including temperature changes, may be

proportioned for unit stresses 33 1/3 per cent greater than those specified

in Article 6, but the section shall not be less than that required for dead

load, live load and impact."

You will notice, Mr. Chairman, that I have conceded to Mr. Leffler's

judgment that in view of 18,000 lb. set up here, it is well to adhere to the

limit of 33 1/3 per cent.

The Chairman:—Is there a second to that amendment?

Mr. B. R. Leffler :—I will second that motion.

Mr. F. R. Judd :—I think the Committee will accept, and would have

accepted the other one without having it put to a vote, if the words "in

the case of unhealed buildings" had been included. We do not believe it is

necessary to make that stress in the consideration of the matter of heated

buildings.

Mr. T. L. Condron :—Do I understand you would accept on unhealed

only ?

Mr. Chairman, I object to that. I object to any differentiation between

an unhealed and a healed building because the conditions, the atmospheric
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and natural conditions, will take care of whether it is heated or unheated

without reference to whether the railway company does or does not provide

heat, and the temperature of stresses may be more severe in an unheated

building than in a heated building; and moreover, in some recent investi-

gations we have made in connection with steel frame buildings, we have

found that the temperature stresses in the columns were two to three times

any other stresses in the columns.

I think most of us have been neglecting the consideration of tempera-

ture stresses in columns and now there is a great tendency to eliminate

frequent expansion joints in roofs. Expansion joints are a nuisance and

can be eliminated and the stresses taken care of, but you should investigate

what happens to your columns when you eliminate expansion joints. Where
you have stresses the Engineer should design for the stresses, and, as Mr.

Leffler has said, the temperature stresses are just as important as wind

stresses and as sure to occur.

The Chairman:—If there is no further discussion, all those in favor

of the motion say "aye" ; those opposed, "no."

(The motion was carried.)

Mr. P. B. Spencer :—I notice the Committee has accepted Mr. Con-

dron's suggestion with respect to the lateral and longitudinal forces on

106 and 107, crane runways.

This matter was discussed very thoroughly, the Sub-Committee not

only working with Committee VI, but with the full Committee meetings

of Committee XV on several occasions, and at one joint Sub-Committee

meeting there w-ere Committee VI representatives at which time we had

the benefit of the advice of a steel works engineer who has to do with a

large amount of designing on crane runways. After all that discussion

it was decided that the effect of the weight of crane carriage could very

well be eliminated from this specification. Mr. Condron's suggestions, how-

ever, are on the safe side.

The Chairman :—Are there any other amendments to be offered on

these specifications? If not, the. motion now is on the adoption of the

specifications as amended.

(The motion was carried.)

Mr. F. R. Judd :—Mr. Chairman, that concludes the report of this

Committee.

The Chairman:—The Committee is excused with the thanks of the

Association for the excellent work they have done. (Applau.se.)



DISCUSSION ON WOODEN BRIDGES AND
TRESTLES

(For Report, see pp. 321-409)

Mr. W. E. Hawley (Duluth, Missabe & Northern) :—The report of

the Committee on. Wooden Bridges and Trestles is contained in Bulletin

293, pages 321 to 409 inclusive.

The first section of the report will be presented by Mr. C. J. Hogue,

Chairman of the Sub-Committee on the Revision of Manual.

Mr. C. J. Hogue (West Coast Lumbermen's Association) :—The mat-

ter on grades of lumber and other provisions for lumber grading presented

to the Association last year and adopted was quite voluminous and some

of it was rather new, so during this last year the Committee has studied

it very carefully and has found no basic changes tO' suggest in the

material, the revisions or requirements as presented, accepted and adopted

last year.

In view of the fact, however, that the matter is so voluminous and so

new, we did find certain editorial changes, and changes in typography and

presentation that we would like to suggest, believing that they will make
the matter clearer, more practical and easier to use and better understood.

There were a few changes made in the General Lumber Standardization

Conference last year which have been incorporated, and so the matter is

again presented this year, the portion in Appendix A on pages 323 to 394

inclusive and 398 to 403 inclusive.

In the section on Structural Grades of Lumber and Timber and the

Method of Their Derivation, there are some additional explanations, because

that section is intended to- be a record of the law on which wood structural

grades are written, and in the section on Notes on Tables of Working
Stresses, there is a slight rearrangement of some of the paragraphs and

some additional explanations.

The tables of working stresses are slightly rearranged. The values

accepted last year are not changed, but there is a slight rearrangement in

presentation, which makes them easier and more practical to use.

So I would move, Mr. Chairman, that the portion as shown on pages

222) to 394 inclusive and 398 to 403 (the portion on pages 395 to 397 contain

some new matter and will be presented by the Chairman of another Sub-

Committee) be accepted for printing in the Manual in the form here

presented.

Mr. M. Hirschthal (Delaware, Lackawanna & Western) :—I would re-

iterate my objection of last year to the provision on page 386, paragraph

6, beginning with these words : "In calculating the shear at one end of

a beam, the concentrated loads between that end and a point distant three

times the depth of the beam from it may be considered as acting at that

point. In moving loads, as on highway bridges or railway stringer, in
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computing the shear at one end it is safe to ignore all wheel loads between

that end and a point three times the depth of the beam or stringer from
it, when the balance of the span is assumed loaded so as to give a maximum
shear stress."

My objection is chiefly for the case of railway loadings. For the

case of highway loadings where the sections for small spans are light, this

provision may be perfectly true but for railway loadings with spans of

10 to 12 ft. there results a condition where it is necessary to use 8 in. by

16 in. or even 10 in. by 18 in. stringers under each rail. As a matter

of fact, for a span of 11 ft. center to center with E-65 engine loading

and full impact there are required three 10 in. by 18 in. stringers under

each rail.

For this condition under the provision in this paragraph we find that

for 8 in. by 16 in. stringers three times sixteen inches or 4 ft. is the point

between which and the support the wheel loads may be omitted from con-

sideration for figuring maximum shear, and this point is almost at the

center of the clear span of 10 ft.

For the case of 18 in. stringers, the condition is even worse, for three

times eighteen inches is 4 ft. 6 in., bringing the critical point nearer the

center of span and thus further reducing the possible maximum shear. The
sections above noted are required for moment and are the least that can

be used.

I would suggest an amendment to this provision that it be changed to

read that loads within a distance oi V/2 times the depth of the stringer

to be omitted from consideratiorr in figuring for maximum shear, although

I personally believe that 45° is about all you can use for the distribution

of railroad loads within the end of the span.

The Chairman:—Is there any further discussion on the original motion?

(The question was put to a vote and carried.)

Mr. W. E. Hawley :—The next subject will be presented by Mr. H.
Austin, Chairman of the Sub-Committee on Simplification of Grading Rules

and Classification of Timber and Lumber for Railway Uses.

Mr. H. Austin (Mobile & Ohio) :—Aside from reporting progress as

stated in Bulletin 293, page 404, in connection with the Standardization

Conference on Lumber and with the American Society for Testing Mate-
rials, this Committee submits for adoption three tables, shovm on pages 395,

396 and 397 for columns, which are based on information furnished by

and which are recommended by the Forest Products Laboratory for adop-

tion this year to complete tables which were adopted last year.

I move you that tables on pages 395, 396 and 397 of Bulletin 293 be

adopted for printing in the Manual.

(The motion was carried.)

Mr. W. E. Hawley:—The next report of this Committee will be on

Appendix C and will be given by Mr. C. S. Heritage, Chairman of the

Sub-Committee.

Mr. C. S. Heritage (Kansas City Southern):—The subject of this

report is the Value of Treated Timbers in Wooden Bridges and Trestles.
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It appears in Bulletin 293, page 404, Appendix C. This report, excepting

for certain minor revisions due to further study, is much the same as was
presented to the Association last year.

I would mo\'e that the report be accepted as information and the con-

clusions in the report on page 409 be printed in the Manual.

The Chairman:—If there is no objection, the report will be received

as information. The motion is for the adoption of the conclusions on page

409 for inclusion in the Manual. Is there any discussion on these con-

clusions? If not, all those in favor will say aye.

(The motion was carried.)

Mr. W. E. Hawley:—The next report of this Committee will be pre-

sented by Mr. Charles Chandler.

Mr. Charles Chandler (Illinois Central) :—^This report on the best

methods of maintaining at a minimum consistent with economy, the quantity

and multiplicity of sizes of lumber and timber carried in railway stock,

is shown in Appendix D, page 409 of Bulletin 293. On account of the

very broad field covered by this subject, the Committee respectfully requests

that this subject be carried over until next year, in order that we may
have more time to make a careful study before submitting a report to the

convention.

The Chairman:—If there is no' objection, it will be so disposed of.

Mr. W. E. Hawley :—That concludes the report of the Wooden Bridges

and Trestles Committee.

The Chairman :—The report of the Committee on Wooden Bridges

and Trestles being completed, i.t is excused with the thanks of the Asso-

ciation. (Applause.)



DISCUSSION ON WOOD PRESERVATION
(For Report, see pp. 11131 186)

(In the absence of the Chairman, Mr. F. C. Shepherd, the report was
presented bj' the Vice-Chairman, Mr. C. F. Ford.)

Mr. C. F. Ford (Chicago, Rock Island & Pacific) :—The report of

the Committee on Wood Preservation will be found in Bulletin 295, page

1113.

The first subject to be considered is Revision of the Manual, Appendix
A, which will be presented by Dr. von Schrenk, Chairman of the Sub-

Committee.

Dr. Hermann von Schrenk (New York Central) :—The report of the

Committee on Revision of the Manual begins on page 1114 of Bulletin 295.

This is a continuation of the work reported on last year. The changes

which the Committee recommends for adoption in the Manual are largely

matters of rearrangement. I will, therefore, omit any reference to those

because they are fully set forth in the report.

There are one or two new items that should be acted upon at this meet-

ing. The first one is the inclusion of a table which is found on page 1116

suggesting safe treatments with creosote for various items of railway use.

This table has been developed as a result of a careful study extending over

a great many years and with the table should go the paragraph on page

1115 entitled Table 1, which is of an explanatory nature as to the signifi-

cance of the table and methods for using same.

The Committee has also recommended the omission of certain dupli-

cations in our present Manual, notably as indicated on the bottom of page

1116, which is a repetition dealing with the treatment of marine piling.

There is a revision on page 1118 consisting of corrections and a clearer

definition of the distilling flask adopted at last year's convention. There is,

furthermore, an amplification of the methods for taking samples from

tanks and tank cars beginning on page 1119 and extending over to the

bottom of page 1124. A great deal of the matter in this revision is already

part of the Manual and such matters as are not new are simply an ampli-

fication and a clearer statement to make it easier to take the proper kind

of samples.

Mr. Chairman, I would like to move that the recommendations con-

tained in this revision of the Manual be adijptcd for inclusion in the Manual
as it is printed this year.

(The motion was carried.)

Mr. C. F. Ford :—The next item to be considered is Service Test

Records. In the absence of the Sub-Committee Chairman, I will state briefly

the nature of the report which is submitted as information.

The Committee has revised and extended the table of tie renewals

per mile, which now include 26 railroads. A table is also given of the
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completed service tests reported by the Forest Products Laboratory and

also a revised curve submitted by the Forest Laboratory for determining

the estimated life of ties.

I move you, Mr. Chairman, that this report be accepted as information.

(The motion was carried.)

Mr. C. F. Ford:—The next subject. Preservative Treatment of Trunking

and Capping, will be presented by Mr. Belcher.

Mr. R. S. Belcher (Atchison, Topeka & Santa Fe) :—The Committee

submits a specification for the preservative treatment for capping and

grooved trunking used for the protection of insulated signal wires and

cables. The preservative specified is the Grade 1 creosote, the standard

Grade 1 creosote of this Association. The amount of preservative to be

used is covered by table 1 on page 1116, which has just been approved in

connection with the revision of the Manual.

The method of application of the preservative may be any one of this

Association's standard methods for the use of creosote by pressure process

;

the Full-cell process (where the wires or cables are to be "pitched in"), the

Rueping process or the Lowry process, the so-called empty-cell process.

Mr. Chairman, I move the adoption of this specification for inclusion

in the Manual.

(The motion was carried.)

Mr. C. F. Ford:—The next subject to be considered is marine piling,

which will be presented by Dr. von Schrenk, Chairman of the Sub-Com-
mittee.

Mr. Hermann von Schrenk:—The subject of marine piling is continued

along the same lines as last year. We have kept track of the work done

by various agencies throughout the world dealing with this subject. You
will find this report beginning at the top of page 1128, in which details

of the long-term tests are reported. In presenting this report the Com-
mittee wishes particularly to acknowledge again its appreciation of the un-

failing courtesy and assistance rendered by the numerous governmental

departments, specifically the Chemical Warfare Service, and to General

Fries, the directing head, whose very exhaustive report the Committee

has already presented to the Association and which was printed in one of

the Bulletins last fall.

We also wish to acknowledge the assistance of departments of the

Navy, of the United States Army, the United States Forest Service, and

other agencies which assisted us in presenting the details which we have

placed before you.

The report is a rather lengthy one. It brings out very clearly the work
done. We believe that the problem upon which we are engaged is a long,

continuous one. We call particular attention to the conclusions on page

1158, namely, that from all experiments made irrespective of where they

have been conducted we are having increasing difficulties, or rather greater

difficulties, with the Hmnoria attacks on marine structures than with any

other organisms.
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The results of various types of impregnation, both as exemplified by

tests of the Chemical Warfare Service and tests made under the auspices

of this Committee, are encouraging.

We have recommended that the Committee be continued another year

or for such time as may be necessary in order that the information dev^eloped

by various agencies may be presented as information in our annual report.

This report is submitted as information.

The Chairman:—If there are no objections the report will be received

as information.

' Mr. C. F. Ford :—The next subject is Treatment with Creosote and

Petroleum, followed by Treatment with Zinc Chloride and Petroleum.

We are making a progress report on both of these subjects, as there has

been no change in the situation since our last report. The Committee is

watching the performance of test ties treated by the two mixtures and will

keep the Association informed of any changes that may take place.

These two reports are to be considered as information, Appendix E and

Appendix F, and I so move you, Mr. Chairman.

(The motion was carried.)

Mr. C. F. Ford :—The next subject is Preparation of Structural Ma-
terial Before Treatment, Appendix G. This part of the report will be

presented by Mr. Kirkbride.

Mr. W. H. Kirkbride (Southern Pacific) :—Please refer to page 1159,

Appendix G, Preparation of Structural Material Before Treatment It

is proposed to separate this into two heads: (1) Preparation of wood before

treatment with preservatives; (2) Care of wood after treatment.

It will be noted that on pages 1160 and 1161, paragraphs 1 to 13 inclu-

sive, the principles have already been adopted for the Manual, but com-

mencing about the middle of page 1161, care of wood after treatment, we
propose new rules that have not before been considered.

Mr. President, I move that the rearrangement proposed be adopted and

that the new rules shown under the head "Care of Wood after Treatment"

be adopted for insertion in the Manual.

Mr. F. L. Nicholson (Norfolk Southern) :—I should like to ask a

question of the Committee. I notice on page 1161, under seasoning, that

the Committee has gone into the matter of air seasoning of wood for

treatment pretty thoroughly, but I see nothing with reference to forced

seasoning of piles.

Piles of required dimensions cannot always be secured in time for air

seasoning. We have great difficulty in getting them on short notice or in

large quantities.

I have had experience in the treatment of piles, where green piles were

secured and were subjected to steaming for the extraction of waters and

saps and the work was not properly done. I should like to know if the

Committee has given consideration to that feature and have something to

recommend in connection with forced seasoning of piles whereby satisfac-

tory results can be obtained. We that have had experience with treated
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timbers know that if the piles are treated without first sterilizing the timber,

the saps and water sealed within the creosoted ring induce fermentation and

thus destroy the interior of the pile, although there may be a heavily im-

pregnated shell protecting the outside portion of the pile.

Dr. Hermann von Schrenk:—In answer to the question, the Com-
mittee omitted any reference to forced seasoning, because we are unani-

mously of the opinion that forced seasoning at best is not effective. I

would refer you particularly to Appendix H, the report on the Effect of

Steaming on Wood, which you will find in this same Bulletin, page 1164, in

which a very careful survey of all of the work done by all agencies has

been brought together by Professor Hatt of Purdue University, and in his

conclusions he brings out very forcibly the fact that steam treatment of

green materials is to be avoided under all circumstances. Now, it is per-

fectly true that occasionally that has to be resorted to, but the reason we
did not include it is because we did not believe that it was a safe practice

to be incorporated in the Manual. If it is an emergency situation, emer-

gency methods have to be used, but they should at all times be avoided as

far as possible.

Mr. F. L. Nicholson :—These emergencies arise and I should like to

ask if the Committee will not give consideration to that feature and submit

at a later date some information bearing on the subject which will be of

use in such emergency. We have had great difficulty in getting piles properly

seasoned by the steaming method so as to get a satisfactory penetration,

and it has in some instances resulted in decay of the untreated center of

the piles and I believe that if the roads that are using piles under such

conditions of treatment should make an examination, they would be sur-

prised.

Mr. C. F. Ford :—The Committee will give consideration to your sug-

gestion. A most thorough study of the subject will be found in Appendix

H of our report.

(The question was put to a vote and carried.)

Mr. C. F. Ford:—The next subject is report on the Effect of Steaming

on Wood. This is a summary by Professor W. K. Hatt of Purdue Uni-

versity, on the effect of steaming on wood which has been done by various

agencies during the past fifteen to twenty years.

Your attention is particularly invited to the conclusions that may be

found on page 1186. I move you, Mr. Chairman, that this Appendix be

received as information.

The Chairman :—It has been moved and seconded that the report on

the Effect of Steaming on Wood be received as information. Is there any

discussion?

(The motion was carried.)

The Chairman :—This completes the report of the Committee on Wood
Preservation and it is excused with the thanks of the Association,

(Applause.)



DISCUSSION ON UNIFORM GENERAL CONTRACT
FORMS

(For Report, see pp. 437-469)

Mr. J. C. Irwin (Boston & Albany) :—The report of this Committee

will be found in Bulletin 292, page 437. The first subject to be considered

is the Revision of the Manual and the first item is the revision of the

Standard Form of Construction Contract. The form at present in the

Manual was adopted in 1913. It was the first subject considered by this

Committee. It had a few revisions and was reprinted in the Manual of

1921. This Committee has given that very full consideration and is recom-

mending some changes. The subject will be handled by the Sub-Committee

Chairman, Mr. F. L. Nicholson.

Mr. F. L. Nicholson (Norfolk Southern Railway) :—The work as-

signed to the SubrCommittee can be found on page 438 of Bulletin 293.

The Committee after careful consideration decided that the results of

greatest value to the Association could be obtained by confining its study

to the Form of Construction Contract adopted in 1913 to which there had

been made several revisions. As a result of the study the Committee has

revised the Form of Construction Contract both in substance and in the

arrangement of the various sections, and present the revised form herewith,

with the recommendation that it be adopted as recommended practice and

printed in the Manual, replacing the present form, with supplements thereto.

We have had printed from pages 439 to 455 inclusive the original con-

tract in the left-hand column, and the suggested changes or the complete

rewritten contract in the right-hand column. There have been no changes

of any moment in the first two paragraphs. You will note that the word

"Contractor" is printed in capital letters in the* third paragraph. This is a

typographical error and will be corrected. The intent was to print with a

capital C and then use the smaller letters in spelling the word.

The next paragraph has been changed in arrangement. The Committee

thought this arrangement better indicated what was to be written than the

original contract provided. On page 440 there is a new clause. The
original contract read, "Time being the essence of this contract" and left

lines to be filled in as the user might decide. The Committee thought it

well to submit a clause covering this feature. We have received one

adverse criticism to this and only one.

Under General Conditions, page 441, No. 3, the Committee in rewriting

the form omitted the caption "General Conditions" and embodied these

conditions in the contract, not separating them from but forming a part of

what had been previously termed Agreement. You will note we have used

instead of agreement the word "contract" throughout.

In No. 3 there was no change. I will call both the new numbers and

the old 9Jies. No. 1 was No. 3 in the original contract, and there is no
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change. No. 2, both forms Contractor's Understanding, no change. No. 3,

old No. 30, Land of Company, Use of, by Contractor, no change. No. 4,

old No. 7, no material change, the words "furnishing and delivery" being

inserted where the words read "except for the delivery of material."

No. 5, old No. 19, no change ; No. 6, old No. 24, no change ; 7, old No.

25, no change; 8, Waiver. In the old contract there was no clause cover-

ing the waiver of any provisions of the contract by the Engineer in charge,

and the Committee thought it wise to insert such a paragraph. No. 9, old

No. 26, Adjustment of Dispute, no change; No. 10, old No. 1, Bond, there

was a slight change ; changing the words, "The Contractor shall, at the time

of execution and delivery of this contract, furnish bond" to read "The Con-

tractor unless notified to- the contrary shall," etc. There are a number of

contracts in which no bond is required, and the Committee thought it would

be wise to submit the revision and provide the protection in a paragraph

(No. 14) should bond be not required.

No. 11, old No. 4, Permits; the only change is to include in the para-

graph a statement as to who is to pay for the permits. No. 12, old No. 14,

Insurance, page 444. We have divided old No. 14 into the different types

of insurance that should be secured ; No. 12, fire insurance ; No. 13, work-

men's compensation insurance ; workmen's compensation was not covered

in the original contract form. No. 14, Indemnity, old No. 15, the words

"in consequence of any negligence or carelessness" appearing in old 15 are

omitted. At the end of No. 14, Indemnity, and as part thereof, an addi-

tional paragraph is written because in paragraph 10 under Bond, we did

not require that at all times a bond be given. Therefore, in No. 14,

Indemnity, it is stated "in case no bond is furnished, the company may
require indemnity insurance in amount, form and substance satisfactory,"

and so on.

No. 15, old No. 8, Superintendence, no material changes, simply calling

Contractor's Local Agent a representative of the contractor rather than

manager.

No. 16, old No. 34-b, Notice—How Served, no material change; No. 17,

old No. 5, Protection, no change; No. 18, old No. 9, Timely Demand for

Points and Instructions, no change; No. 19, old No. 11, Preservation of

Stakes, no change other than change of word "must" to "shall."

No. 20, old No. .10, Report Errors and Discrepancies, just a change

in wording ; No. 21, old No. 12, Inspection, no change.

No. 22, old No. 13, Defective Work or Material, no change; No. 23,

old No, 18, Work Adjacent to Railway or Other Property. This paragraph

was changed to cover a situation that might arise in the construction adja-

cent to property of others, in addition to other railroads. No. 24, old

No. 6, Rights of Various Interests, no change; No. 25, old No. 20, Order

and Discipline, no change.

We inadvertently, in printing, omitted old paragraph 22, Intoxicating

Liquors Prohibited, or it may have been thought that under the very effi-

cient administration of the Prohibition Law there was no necessity for such
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a clause, nor would the railroads need one to keep intoxicating liquors off

the work. The intent of the Committee is to omit this paragraph in the

new draft of the contract. We did, however, intend to print it in the column

showing the present form.

No. 27, old No. 27, Order of Completion, no change ; No. 28, old No. 28

—Changes, the only change was to add the words "but the Contractor shall

not claim compensation for anticipated profits."

No. 29, old No. 29, Extra Work, no change; No. 30, old No. 31, Un-
avoidable Delays, no material change ; a little change in the wording. On
page 451, under Annulment, there was a paragraph with reference to train-

hauled materials which should not have been printed, it already having been

omitted by other resolutions of the Association. No. 33, old No. 34, An-
nulment Without Fault of Contractor, no material change ; No. 34, old

No. 34-c, Removal of Equipment, no change ; No. 35, old No. 16, Settle-

ment for Wages, no change; No. 36, old No. 35, Failure to Make Pay-

ments, just a little change in the wording, but not in the substance.

No. 37, old No. 17, Liens, no change. No. 38, old No. 36, Monthly

Estimate. About the middle of that paragraph the word "Acceptable" was

placed in before the word "material," so that it would read "make an

approximate estimate of the proportionate value of the work done and of

acceptable material furnished." At the end of the paragraph it was changed

to read "payable to the Contractor at the office of the Treasurer of the

Company on or before date," rather than "on or about," the word

"about" being rather indefinite. On page 454, a new paragraph to No. 38

was added reading, "It is understood and agreed that the monthly estimates

and certificates on unfinished work shall, in no case, be taken as an accept-

ance of the work, or a release of the Contractor from responsibility there-

for, and that in computing the final estimate, the Chief Engineer need not

be bound by the preceding estimates and certificates."

No. 39, old No. 23, Cleaning Up, no change ; No. 40, old No. 37, no

change; No. 41, Final Estimate. The original. No. 38, provided that "The

Chief Engineer shall execute a certificate over his signature that the whole

work provided for in this agreement has been completed." This has been

changed to read "upon the completion and acceptance of the work the Chief

Engineer shall issue a final estimate over his signature, covering work

provided for in the contract."

We move the adoption of the revised Form of Construction Contract

for printing in the Manual as recommended practice, replacing the present

form and supplements thereto.

The Chairman :—The question is on the adoption of the revised form

of contract appearing in the right-hand column, pages 439 to 455. This is

a very important matter, and I hope the members present will be free to

express their opinions, either suggesting changes in form or approval of

what has been submitted.

Mr. Wm. G. Atwood (Consulting Engineer) :—When the original con-

tract was adopted it was submitted to a large battery of railroad legal
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luminaries for their opinion. Just as a matter of information I would like

to ask whether the Committee has submitted these changes in a similar way,

so that we are sure of the legal status of the changes.

Mr. F. L. Nicholson :—They have.

(The question was called for, put to a vote and carried unanimously.)

Mr. J. C. Irwin:—The next subject is No. 3, Form of Agreement for

Joint Use of Freight Terminal Facilities, printed in Appendix B on page

455. This subject has been before the convention for two years already, and

discussion has been invited and some modifications have been made. We
still invite further discussion and this will be handled by Mr. E. L. Taylor,

Chairman of the Sub-Committee.

Mr. E. L. Taylor (New York, New Haven & Hartford) :—The work

assigned to this Sub-Committee was. Form of Agreement for Joint Use

of Freight Station Facilities. The discussion at the convention last year

indicated that a broader form of agreement was desired and the Committee

took the liberty of changing the title to read, "Form of Agreement for

Joint Use of Freight Terminal Facilities."

This form appears on page 455, Bulletin 293, and is submitted as in-

formation for discussion. The Committee will welcome any discussion here

today or comments in writing through the summer.

The Chairman:—Is there any discussion, gentlemen? If there is not

it will be understood this is received as information.

Mr. E. L. Taylor:—The second subject assigned is. Form of Agree-

ment for Use of Railway Property for Public Highways, and this form

appearing on page 463, Bulletin 293, is submitted for information and dis-

cussion. It has been revised to some extent since last year. There is some

doubt in the Committee's mind as to whether such a form is usable in

a general way and it is our purpose to circularize the railroads as to its

possible use to determine whether the Association is warranted in adopt-

ing the form.

The Chairman :—Form of Agreement for Use of Railway Property for

Public Highways will be received as information. I wish to stress what

the Chairman of the Sub-Committee has said. The value of these proceed-

ings of the Association are very much enhanced if during the year the

members will submit in writing their views on any of these subjects and

this is particularly true in this case.

Mr. J. C. Irwin:—The next subject before the Committee is Item 2

of the outline of the work and will be found on page 466, Form of Agree-

ment for Furnishing Water from Railway Water Systems to Employees

and Others. This will be recognized as having been before the convention

two years already and last year, after some suggestions, the form was

revised as now printed. The Chairman of this Sub-Committee, Mr. W. H.

Brameld, is absent, and the subject will be handled by Mr. H. A. Palmer.

Mr. H. A. Palmer (Canadian National) :—This form appears under

Appendix C, page 466. x\s stated by the Chairman, it was submitted last

year and has been revised slightly and is recommended for adoption. The

Committee recommends its adoption.
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The Chairman:—It has been moved and seconded that the Form of

Contract for Furnishing Water from Railway Water Systems to Employees

and Others be adopted for publication in the Manual. This has been before

the Association for two years and is now in final form. Is there any

discussion?

(The motion was put to a vote and carried unanimously.)

Mr. J. C. Irwin :—The next subject will be found on page 468, Form
of Agreement for the Purchase of Water. This form also has been season-

ing for about two years and as a result of being brought before the con-

vention last year no suggestions have been made for changes. Mr. Palmer

will also present that form.

Mr. H. A. Palmer:—Form of Agreement for the Purchase of Water.

The Committee has submitted this form of agreement to Committee XIII

and have received no criticisms. Therefore, we recommend it for adoption.

The Chairman :—It has been moved and seconded that the Form of

Agreement for the Purchase of Water, appearing on pages 468 and 469

of the Bulletin, be adopted for inclusion in the Manual. Any discussion?

(The motion was put to a vote and carried unanimously.)

Mr. J. C. Irwin:—In the other subjects assigned to this Committee

we have only progress reports to make. It is not necessary to call on any

Sub-Committee Chairmen to make further report.

I am requested, however, to make a statement as to the action of this

Committee on the Joint Conference Form of Construction Contract, which,

as you probably will remember, was prepared by the Joint Conference which

met at Washington under the supervision of the Department of Commerce.

We had two delegates in that conference, the principal being Mr. W. D.

Faucette, the former Chairman of this Committee, and the alternate being

the present Chairman. Your delegates attended these meetings regularly,

and the Minutes resulting from those meetings during a period of three

years are very comprehensive and elaborate. As a result the First Edition

of Standard Contract for Engineering Construction was issued in February,

1925, and your Board of Direction then asked Committee XX to report

to them their view on this form. Committee XX has considered this very

fully and carefully and as a result the Committee has unanimously rejected

the form, and has recommended to the Board of Direction that it be not

endorsed or used as any standard.

The Chairman:—The Committee is excused with the thanks of the

Association. (Applause.)



DISCUSSION ON MASONRY
(For Report, see pp. 1053-1111)

(First Vice-President D. J. Brumley in the Chair.)

Mr. C. C. Westfall (Illinois Central):—The report of the Masonry

Committee appears in Bulletin 295, on page 1053. The Committee for the

past year was assigned six subjects. On account of the fact that it is

planned to publish a new Manual in the near future, the Committee decided

that it had best put in its time on only one subject, the Revision of the

Manual. The Committee, therefore, presents a report on Revision of Manual

and a report as information on Developments in the Art of Making Con-

crete. The Committee recommends that the report on the Revision of the

Manual be accepted, that the changes recommended be incorporated in the

Manual, and that the report on Developments in the Art of Making Concrete

be accepted as information.

In the Revision of the Manual the Committee presents a complete new

Specification for Concrete. This specification is based largely upon the

Specification of the Joint Committee on Concrete and Reinforced Concrete.

There have been some changes, radical changes, made, however, from the

Joint Committee specifications in the section on Proportioning.

The specifications for proportioning are in accordance with the theory

of the water-cement radio, based upon the production of concrete of certain

specified strengths, depending upon the ratio of the water content to the

cement content. In the section on Design in the specifications, the Com-

mittee has adhered almost exactly to the report of the Joint Committee

except for certain controversial features of that report.

The section on Flat Slabs, section on Columns, and the section on

T-beams have met with some opposition, and the Masonry Committee has

not felt it wanted to recommend those sections at the present time. The

Masonry Committee has therefore eliminated those sections from this new

specification. The Committee has also included a new specification for Port-

land Cement. This specification is one that has. been developed by a com-

mittee of the American Society for Testing Materials, and on that committee

were representatives of the American Railway Engineering Association. I

think those items are the salient points about the new specifications.

The Committee recommends, and I make a motion that the Specifications

for Concrete, Plain and Reinforced, appearing in Bulletin 295, page 1056,

be accepted by the convention and included in the Manual.

The Chairman :—It has been moved and seconded that the Specifications

for Plain and Reinforced Concrete, page 1056 of Bulletin 295, be adopted

and published in the Manual. The question is open for discussion.

Mr. B. R. Lefifler (New York Central) :—These specifications are a

decided improvement over anything we have had, but nevertheless I think

we should consider some of the features in detail. I have noted about ten

points.
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I call attention to Section 17, called water-cement ratio. I have no

fault to find with the water-cement ratio as a working method providing

the designer has a thorough knowledge of the background, and it struck

me that possibly a footnote should be added to the effect that the water-

cement ratio is an approximation of and is similar to the void-cement theory

of concrete strength. It has been well-known for years that the strength of

concrete is determined not only by the amount of cement per unit per volume

of concrete, but also by the voids, and if the water fills the voids completely,

which I think is usually the case in the present-day wet mixtures, it is a

fair approximation. You might call this an historical background to Sec-

tion 17.

I think there is another point that should be remembered in connection

with Section 17. The element of strength requirements are not as exact

as they appear in the table. Concrete making is not on as an exact basis as

methods of designing. I refer in particular to steel designing. When we

say 2500-lb. concrete we may get variations as much as 25 to 50 per cent,

depending on the way the material is handled, and also the kind of material

as well as the water.

Mr. President, shall I take up these points as I have them in mind?

The Chairman :—You might dispose of this now, Mr. Leffler.

Mr. C. C. Westfall :—The Committee will accept Mr. Lefifler's sugges-

tion as to the note in regard to clarifying the water-cement ratio method

of proportioning.

The otlier, that was intended as a discussion and you had no motion

to make, Mr, LefHer?

Mr. B. R. Leffler :—I had no motion to make.

Mr. C. C. Westfall :—I would say in connection with that, we have had

pretty decided statements as to the possibility of getting exact strengths from

some of the laboratories. Just recently I discussed this matter with a con-

tractor who is doing a very great amount of work, and has only lately done

any work in which the water-cement theory was used, and he told me if I

asked him to make 2000-lb. concrete he would guarantee to make concrete

that would not exceed 2025 lb. and not go lower than 1975 lb.

Mr. B. R. Leffler:—Before I took that contractor's guarantee I would

want to find out how he is going to determine whether he is getting that

strength. When it comes to the subject of testing cylinders I will have

something else to say.

Mr. C. C. Westfall :—One other point, Mr. Leffler. I think it would be

well to handle each point by motion, if you will, so we can settle them as

we go along.

Mr. B. R. Leffler:—You have accepted the other point?

Mr. C. C. Westfall :—Yes.
Mr. B. R. Leffler :—The next point I have in mind is Section 19. I

am not going to make a motion, but I would like to ask the Committee for

information. I have written it out here.

The Committee evidently regards workability as being determined to a

large extent by the ratio between the fine and coarse aggregate. I would
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like to ask the Committee if this method of determining workability is

affected if the amount of water per bag of cement and the number of bags

of cement to a cubic yard of concrete remain constant.

Mr. C. C. Westfall :—I will ask Mr. Irwin to speak on that point.

Mr. A. C. Irwin (Portland Cement Association) :—The question is a

little bit difficult to grasp at once. The summary of it, however, is as fol-

lows : "In other words, is this section an attempt to obtain workability

without varying the water or the cement?" The answer to that question

is "Yes." In all of the specifications for a given strength of concrete the

only fixed thing is the ratio of water to the cement. Everything else is

varied to suit conditions and the amount or yield of concrete that will be

obtained depends upon the conditions of the work and the grading of the

aggregates.

That is short, it may not cover the question fully, but the intent of

that section is to provide for obtaining workability without changing the

ratio of water to cement in the mix.

Mr. B. R. Lefifler :—That does not quite answer my question. I admit

that it is not an attempt to change the amount of water with reference to

the cement, but I want to find out if it is an attempt to change the amount

of cement per cubic yard of placed concrete. Will that remain the same by

varying the ratio between the coarse and fine aggregate?

Mr. A. C. Irwin :—The amount of cement used per cubic yard of con-

crete under this specification will change with the character of the aggregate,

but the amount of water per each bag of cement will not change. In other

words, if you have a poorly graded aggregate and you have obtained with

that, poorly graded aggregate a cubic yard of concrete with a given amount

of cement, it will take less cement to obtain a cubic yard of concrete with

the same ratio of water to cement if you have a well-graded aggregate.

The amount of cement required for a cubic yard of concrete will largely

depend upon the grading of the aggregates, and the workability necessary

for the particular work. Thus, mass concrete permits the use of a stiffer

mix and requires less cement per cubic yard ; thin sections, necessitating

greater flowability, require more cement.

Mr. B. R. Leffler :—Section 21 distinctly says that to obtain workability

the ratio between the amount of fine and coarse aggregate is varied
;
you

vary the gradation of the material. Therefore, you must vary the amount

of the cement that you are going to use per cubic yard of placed concrete.

I want the members of the Association to grasp that point
;
you are not

going to obtain workability by just shifting from coarse to fine, or from

fine to coarse. You are going to incorporate either more or less cement. I

want to bring that out very clearly so that we understand what this water-

cement ratio implies. I am satisfied on that point. I am not suggesting any

motion.

The next section is Section 20 and I have nothing written on this,

but I will make a few comments.

Section 20 gives slump requirements. I do not think we should attach

too much importance to this slump requirement. If you had a coarse ^lag.
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and coarse slag will make the best concrete, as good as any, you would not

get a slump at all. It would stand up almost vertically. If you add round

pebbles you might get another slump.

I regard the slump tests of value in the field to this extent : Having

made a few preliminary experiments in the field as to the amount of water

required you can then use a slump which fits the material that is fur-

nished, and the inspector can establish in his own mind a proper relation

between the amount of water and the amount of cement. Now, to my
mind, that is all the slump really means. As the specification is here writ-

ten it implies that these slumps should apply to all kinds of material.

I have no constructive criticism to make in the way of submitting a

specification, but I think the Committee could easily make a specification

that would cover my point.

Mr. C. C. Westfall:—The Committee feels about the same way as Mr.

Leffler in regard to the operation of the slump for the slump test, that

one will determine the workability or the consistency of the concrete required,

then he will use a slump test to maintain that consistency, and these slumps

that are given in these tables were taken to apply to the rather theoretical

material that the specifications call for, possibly not theoretical, but the

type of the material and gradation of materials that are called for in the

specification.

Mr. B. R. Leffler:—I would like to ask, Mr. Chairman, if you would

not consider a resolution involving the tests. This is entirely too rigid the

way it is set forth in Section 20.

Mr. C. C. Westfall :—The Committee will be glad to consider such a

resolution as you propose to draft.

Mr. B. R. Leffler :—Section 22 pertains to duplicate copies of test data.

I suggest the following paragraph be added:

"Three cylinders shall be made for every 500 cubic yards of concrete

deposited. On no job shall less than three test cylinders be made."

My reasons for suggesting that amendment lie in the fact that we will

get into a controversy with the contractor, especially on the small jobs, say

of 1000 yards.

Regarding the test cylinders, I think we should distinctly state the num-

ber of test cylinders that we are going to require.

Mr. C. C. Westfall:—The Committee attempted to separate the speci-

fication form from the contract form as far as possible in these specifica-

tions, and the point brought up by Mr. Leffler verges upon a contract

requirement. It may be that that line was too finely drawn in this case,

but that, I think, was the idea of the Committee in not being more specific

in regard to the test cylinders.

Mr. T. L. Condron (Consulting Engineer) :—The specification refers

to the concrete tests in the field (Serial Designation C 39-21 T) of the

American Society for Testing Materials.

I am inclined to think that some provision has been made for the

number of test cylinders. I do not remember whether that is printed

in this volume or not.



1440 Masonry

Mr. C. C. West fall:—Mr. Yates, will you answer that question as to

whether or not the A.S.T.M. specification calls for the number of test

cylinders?

Mr. J. J. Yates (Central of New Jersey) :—The A.S.T.M. specification

does not call for the number of test cylinders. It just describes the test.

Mr. B. R. Leffler :—It seems that some of the members of the Com-

mittee seem to be favorably inclined to my resolution or idea, but they are

not sure as to whether it ought to go under the specifications or contract.

It seems to me that it is so near the specification side of the matter that

I will make the motion to amend Section 21 or put it in at an appropriate

place, that is, the resolution that I read.

Mr. Robert H. Ford (Chicago, Rock Island & Pacific) :—Will Mr.

Leffier please read that again.

Mr. B. R. Leffler :—The resolution reads : "Three cylinders shall be

made for every 500 cubic yards of concrete deposited. On no job shall

less than three test cylinders be made."

Air. Meyer Hirschthal (Delaware, Lackawanna & Western) :—We want

30-day tests and 60-day tests, or 28 and 60-day tests for concrete cylinders

and we want at least two for each test so as to know where there is a discrep-

ancy in the test results and obtain some average that would give a requisite

idea of what kind of concrete we were getting. If there is any number

to be specified it should be four.

Mr. B. R. Leffler:—I have no objection to increasing the number. It

follows right in line with what the Committee wanted.

The Chairman:—You will include that in your resolution, Mr. Leffler?

Mr. B. R. Leffler :—Yes, I will accept it.

Mr. A. C. Irwin:—It might be of some interest to those who will

vote on this motion to know why the Committee did not put in a provision

for the number of test cylinders to be made for a given quantity of concrete.

At the present time and probably until the specification here presented

has become ancient history, or at least until it has been used so universally

that you think of no other method of proportionate concrete, undoubtedly

some requirement for test cylinders merely to satisfy the user of this speci-

fication that the specification is correct and sound would be a good thing.

But when the time arrives, as we believe it speedily will, when the Engineer

knows that he is getting about the sort of stuff that he thinks he is and

that he wants, he will immediately save the cost probably of a great many of

these tests or without them entirely.

The specification as presented provides for tests but does not make them

obligatory. It provides that the contractor shall supply the Engineer with

such test data as he takes for his own guidance, and that the contractor shall

furnish concrete for such test cylinders as the Engineer desires to take

without specifying how many either of the parties to the contract shall make.

I see no objection, if the convention thinks that the contractor and the

Engineer should be tied down to certain tests. At least for the time being

this probably would be wise. The assumption is that certain tests of this

nature will be made, but that the time will speedily come when they will
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be dispensed with and it will then be advisable probably to change our

specification back to what we have now.

Mr. Robert H. Ford :—I am wondering whether it would not satisfy Mr.

Leffler if the Committee's definition would stand as it reads with the

exception that after the word "such test cylinders" there be put in the

brackets "preferably not less than four," as the Engineer may require.

Mr. B. R. Lefifler:—I want to bring before the convention a little of the

future of concrete work. The idea is becoming quite prevalent that the

contractor will guarantee to make concrete of a certain strength. Now if

the Engineer is going to be sure he is getting concrete of a certain strength,

he has to have a very carefully worked-up system of making tests, and I

think the Association wants to look well to that requirement, and this is

one of the principal things I had in mind in specifying more carefully the

number of tests and the number of cylinders that should be made. We
should keep in mind that we have had some very poor concrete for many

years.

Mr. G. H. Tinker (New York, Chicago & St. Louis) :—I see nothing

in these specifications which require these concrete cylinders to be tested

at the expense of the contractor. Now the expense in furnishing the con-

crete for the cylinders is very small, and I do not think it will develop that

the cost of the concrete would be increased in any degree by furnishing any

reasonable number of cylinders. All the contractors furnish is the concrete

for the cylinders. The railroad companies themselves pay for the tests.

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) :—There are

quite a number of other specifications in our Manual for various kinds of

material, and I believe that in practically every one of them a very definite

statement is made as to how often and how many pieces are to be tested,

and it seems to me that Mr. Leffler's suggestion in this matter is in the

right direction. It is a great deal easier to get along with the contractor if it

is very definitely specified what is to be done than it is if it is taken for

granted. I think we should adopt Mr. Leffler's resolution.

Mr. C. C. Westfall :—The Committee will accept Mr. Leffler's sug-

gestion, which I understand will mean a preliminary sentence to Section 22,

reading: "Four test cylinders shall be made for each 500 cubic yards of

concrete deposited. On no job shall less than four cylinders be made."

Mr. T. L. Condron:—I think that addition should more properly come

at the end of paragraph 21 than as an insertion in paragraph 22, for the

sentence in paragraph 21 says the contractor shall furnish concrete for such

test cylinders as the Engineer may require. Then you expand that for the

minimum you will require.

The Chairman:—I think you are right, Mr. Condron. Is there anything

further on the adoption of these specification?

Mr. H. C. Crowell (Pennsylvania) :— I would like to ask the Com-
mittee if it has considered the possibility of using in certain places 1000-lb.

concrete, having particular reference to the table at the top of page 1059.

There are places, I believe, where 1000-lb. concrete can properly be used.
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Last night we had a good talking to about doing things as cheaply

as possible. To put 2000-lb. concrete where 1000-lb. will do the job is not

engineering, and I would like to know if the Committee has considered that.

Mr. C. C. Westfall :—The Committee considered that 1500-Ib. concrete

was about; as lean a concrete as they wanted to recommend. I am not

prepared to speak for the entire Committee on what follows, but there is a

line of demarcation between strength requirements and the aging requirements,

the lasting requirements of concrete. How you can tie in to the ability of

concrete to stand weathering with a strength of 28 days is something I

have not been able to find out, and I believe that if you get very much
lower than 1500 lb., you are liable to get concrete that will not last.

Mr. H. C. Crowell :—I had in mind places where concrete will not be

affected by the weather, such as underground work. We should not overlook

the fact that 1000-lb. concrete is equivalent tO' 72 tons pressure per square

foot, sufficient to allow for a big factor of safety.

Mr. C. C. Westfall :—Will you not be verging, Mr. Crowell, on our

old natural cement which was 1200 or more and that would not weather?

Even if it were used only in foundations, my experience has been many of

those foundations have had to be replaced.

Mr. H. C. Crowell:—On account of disintegrating?

Mt. C. C. Westfall :—Yes, on account of the water.

Mr. H. C. Crowell :—I just raised the point because it seemed to me
that something less than 1500 lb. might be used.

Another question I would like to raise : Has the Committee considered

whether or not it is advisable for the railroad company, that is, the owner,

or the contractor to furnish the cement? It seems to me that has some

bearing on the writing of the specification as well as on the slump features.

For example, if the contractor is furnishing the cement it would appear

needless to limit him to a three-inch slump in this first type of concrete.

The fact that cement costs money will limit him pretty much on this water-

ratio specification, but under the circumstances if he wanted to go to a

four-inch slump, it would not be bad practice to let him do it. If it is your

cement, that is something else, and I think it would be well for the Com-
mittee to give a little thought to that angle of it.

Mr. C. C. Westfall :—The Committee felt that point was one that verged

upon the contractual relations between the railroads and the contractor. As

to the contractor's ability to determine the yield per sack of cement in making

his bid, it was thought that while there might be some difficulty at the

start the contractor through experience would be able to gage that, know-

ing his materials, as well as he can under his present practice, the Com-
mittee at no time in the preparation of these specifications has considered

as to who would furnish any of the material.

Mr. H. C. Crowell :—In view of the fact that there is a considerable

divergence of opinion among railroad Engineers as to who should furnish

the cement, it seems to me that might be a subject for consideration by

the Committee at some future time. It is a fact that railroads generally

are out of step with state, municipal and Federal governments. Most
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government bodies, I believe, require the contractor to furnish the cement.

Many of the railroads do not require that and I think possibly their con-

crete is costing a little more money on that account, on the theory that

by putting into the mixer an extra sack of cement, it has not cost a whole

lot and the concrete is just a little bit better for it. That, of course, is not

engineering, but it is frequently done.

Mr. C. C. West fall:—The Committee will be glad to consider the

subject and report on it later.

Mr. B. R. Leffler:—I just want to amplify the previous speaker's point.

Someone, either the contractor or the Engineer, must at some point of the

work tell how many sacks of cement must be used to a cubic yard of placed

concrete. I have always thought it advisable for the Engineer to state

that on the plan or in his invitation. There must be five sacks of cement

or six sacks of cement used to a cubic yard of placed concrete. Then I

have added a provision that if the nature of the material is such that the

amount of cement can be lessened, the railroad company will be compen-

sated. If the amount of cement must be increased, then the contractor

will be compensated at a price for this extra cement which the contractor

will state in his bid. I think that is the fairest and only way of taking

care of that problem. I have no other suggestion to make.

Mr. H. C. Crowell :—I think Mr. Leffler's method is almost identical

with the scheme of the railroad company furnishing the cement. It is

merely a matter of bookkeeping. The only difference between the railroad

furnishing the cement and making this compensatory adjustment is just a

matter of bookkeeping. I think we should let the contractor furnish the

cement and then hold to the water ratio and the slump test for workability,

and something better than the slump test if we can get it.

Mr. C. C. West fall :— I think the Committee can touch upon both those

aspects of the question in its report.

Mr. B. R. Leffler :—Section 22 pertains to compression tests on the

cylinders which have been discussed and I will read my little discussinn

so it will shorten the time.

I hold that the tests made according to the rules prescribed by the

A.S.T.M. do not indicate the strength of the concrete in the job. I will

illustrate by noting the recjuirements for structural steel work. Whenever
bars are to be tested, a bar is selected from a group, the bar selected being

heat treated and manufactured under the same conditions as the remainder

of the bars. If a field casting is to be tested, a coupon is cast onto the

main casting and heat treated just like the casting itself. A similar procedure

would require concrete coupons to be cast on the side of the columns,

beams or retaining walls and then cylinders cut out of these coupons and

tested. In lieu of this, a better method still would be to cut out cylinders

from the work itself. This method is now used in testing road pavement

work.

The A.S.T.M. rules for cylinders simply pamper or coddle the cylinders,

giving false indication of the strength of the cfincrctc mi the job. Why
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should these cylinders be treated any different than the concrete itself in

the job is treated?

I understand that the statement is made that these methods of testing

the cylinders are truly indicative of the work on the job, but I am a little

bit suspicious of that statement.

A while ago I was talking with a contractor and he made the state-

ment that in testing these cylinders we should throw out the cylinders that

test low. I submit to this convention whether that is a true method of

determining strength of concrete. The time is coming when we are going

to test concrete by cutting out solids right from the work itself and thus

obtain more truly representative tests.

Mr. C. C. Westfall :—I think that the best way to answer Mr. Leffler's

question is to call upon Professor Abrams.

Prof. Duff A. Abrams :—I have not read the entire specifications which

you have prepared, consequently I am not in a position to discuss them,

but with reference tO' this particular feature, I do not believe it is practical

to cut specimens in the way Mr. Leffler has suggested. We must bear in

mind that in making concrete tests of this kind, what we are after is to

determine the potential value of the concrete with reference to standardized

conditions.

Mr. B. R. Leffler :—I am going to refer again to what I had in back of

my mind. We are going to take these test cylinder results and determine

whether this contractor is making 3000-lb. concrete or 2000-lb. I agree with

Professor Abrams' remarks from a laboratory standpoint. The tests of

these cylinders under these rules are representative of the general principles

underlying the percentage of water, the percentage of voids, temperature

conditions and curing conditions, but I hold they are not truly representative,

in an indirect way, of what we propose to require this contractor to do. We
are going to tell this contractor that he has got to furnish 2000-lb. concrete.

I asked the Committee, are they going to say we are getting 2000-lb. concrete

because the cylinder tests 2000 lb. at the end of twenty-eight days when they

are tested according to A.S.T.M. rules?

Mr. W. S. Lacher (Railway Age) :—This would be very pertinent

if the contract under which the concrete was constructed was carried out

with the idea that the contractor was guaranteeing to furnish concrete at a

given strength. It is not the thought of the Committee that the specifica-

tion which is presented here is one that will require the contractor to guar-

antee the strength of the concrete any more than under the present specifica-

tion of the Association in which we specify one, two, four, or one, three, six,

and so on. The idea behind this specification is the same as that) behind

the old one. The Committee feels that by following this specification the

railroad is assured a concrete that will come within reasonable limits of the

strength which it is desired to obtain. Exactly the same conditions obtained

under the old specifications when we specified one, two, four concrete. We
assumed we were getting concrete of a certain strength. If I understand

Prof. Abrams correctly, the tests are simply a means of affording a com-
parison under standardized conditions of concrete made on various jobs.

I
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Mr. J. J. Yates :—I think it would be very well to get these tests.

This (the specification) is the best test that has ever been proposed.

As to the difference between the test samples and the coarse, I was

connected with a job where we took the coarse and there was not so

much difference. My recollections are that the coarse was very close, I

think a little lower than the test specimens in the actual test made in

twenty-eight days.

Mr. B. R. Leffler :—I just wish to bring before the Association the

features of these tests. I have nothing to suggest as a resolution. I will

pass to Section 23, if it is in order. Section 23 does not place a limit on the

capacity of the mixer. A one-half or three-quarters yard mixer is better

than a yard mixer if the time of mixing is the same. I recommend that

the maximum size of mixer should be three-quarters of a yard capacity. I

would also add as a part of this that there should be a clause in this section

prohibiting a water barrel and buckets anywhere near the mixer. If a

barrel containing water is permitted around the mixer, there is too much
of a temptation to add water even though there is a lock and water measur-

ing device on the tank of the mixer.

The Chairman:—Are you offering an amendment?

Mr. B. R. Leffler:—I will amend Section 23 along the lines stated;

first placing a limit on the size of the mixer for the same time of mixing.

If you want to use a yard mixer I would make the time of mixing longer. I

will move that the first section I read be adopted, or if the Committee sees

fit, to modify the section to suit the requirements.

Mr. C. C. Westfall :—I do not believe that the Committee would be

willing to make that change. I know of one railroad in this part of the

country that specifies nothing" less than one-yard mixer on any of their work.

Mr. B. R. Leffler:—I have no objection to the yard mixer if the time is

fixed right.

Mr. C. C. Westfall :—I do not think the Committee would care to

make a change in that. If you want to offer a resolution, we will leave

it to the vote of the convention.

Mr. H. C. Crowell :—Would Mr. Leffler be willing to separate his

motion into two parts, so we can vote for the absence of the water bucket,

and yet vote differently on the size of the mixer?

Mr. B. R. Leffler :—I will offer a resolirtion that the three-quarters

yard mixer be specified for the time of one and one-half minutes.

The Chairman :—It has been moved and seconded that Section 23 be

modified as to the size of mixer and time of mixing.

Mr. C. C. Westfall:—Where does the yard mixer come in?

Mr. B. R. Leffler:—I was going to specify two-minute mix for the

yard mixer. I wanted to connect the time of mixing with the size of the

mixer.

Mr. J. J. Yates :—I think it would be an economic waste to try to tie

down the mixer as proposed. I know of three-yard mixers where they

are mixing one and one-half minutes and getting excellent results, and one-

yard mixer where they are mixing one minute and also getting excellent
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results. I do not think the size of the mixer has much to do with it but

rather the way the mixer is charged and its speed of operation.

Mr. B. R. Lefifler:—The former joint committee report, as I remember,

at one time specified two minutes for the time of mixing and later on it

was cut down to one and one-half minutes. Now we are coming down to one

minute and saying nothing about the size of the mixer. There is a relation,

if I remember, between the efficiency of the mixing, which is determined

by the size of the miver, and the time of mixing.

The Chairman :—Will you read your amendment so it is thoroughly

understood by the Association?

Mr. B. R. Leffler :—I recommend that the size of the mixer shall be

three-quarters of a yard and the time of mixing be one and one-half minutes.

Mr. H. C. Crowell :—I think we should all remember that is adding

considerable to the cost of the work, and the burden of proof would be

on Mr. Leffler to show that additional cost is warranted by the additional

strength he is going to get.

Mr. C. C. Westfall :—I have no infotmation in regard to the size of

the mixer, but it is my recollection that tests made by Dr. Hatt on mixing-

speed, several years ago, showed that if you doubled the time of mixing

you increased the strength of the concrete ten per cent. I believe those

figures are correct, and this minute that is given in the specifications was

determined from an economic standpoint on the basis or on the idea from

the standpoint of the strength of the concrete. We would better increase

the strength by some other means and stick to the one-minute mixing.

Mr. W. H. Kirkbride (Southern Pacific):—I do not see what is to be

gained by specifying the size of the mixer. It seems to me that you are

restricting the economical operation of the various concrete jobs, both large

and 'small, that a railroad organization may be confronted with. I have in

mind the fact that very good concrete in small batches is mixed and poured

with one-quarter yard mixers. I also know of some large jobs where

good concrete was poured with two-yard mixers. It seems to me the size

should be left out.

Mr. B. R. Leffler :—I will not press that question.

The Chairman:—Will you withdraw the motion?

Mr. B. R. Leffler :—I will withdraw the motion with the idea that

the Committee consider that matter. I think there is some relation there

that ought to be considered.

The Chairman :—^The Committee will consider the matter.

Mr. B. R. Leffler :—The next criticism I have is on Section 29. I do

not want to take up any more time than is necessary to reach these points. I

suggest the following addition to Section 29 : "Concrete shall be deposited

in layers of not more than eight inches thick. The contrivances for deliver-

ing the concrete, such as carts or spouts, shall be so handled as to avoid

placing of the material in a high pile, and thus making it difficult to level ofif

evenly the freshly deposited concrete." I will introduce that as an amend-

ment to Section 29, and I would like to add, as my reason for it, in the

old days of concrete mixing, before we became sloppy, we specified
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that concrete must be deposited in six-inch layers, thoroughly tamped until the

water oozes out at the top. The fault of the concrete was not the poor

quality of the concrete itself, so much as the inability to have the concrete

deposited evenly without causing honeycomb oi large voids. Now we

have gone to the other extreme and allow contractors to pile up con-

crete in almost any way. I think there should be absolute limitation

to the layer of thickness of the concrete. I said eight inches. I am not

sticking to that; if it is ten or even twelve, I will agree to it.

The Chairman:—Is Mr. Leffler's motion seconded? The motion fails

on account of lack of a second. Is there any further discussion on these

specifications ?

Mr. Wm. G. Atwood (Consulting Engineer) :—My criticism is on the

title of the specifications. We have here a specification for Portland cement

concrete. That is the only kind of concrete that many of us are using at

present, but the use of high alumina cement requires a totally different

specification in some details. For instance, I was told by Mr. Georges

Leflot, the manager of the Hennibique Company of Paris, that they never

allow chuting with "ciment fondu," the separation is too great. There are

also a number of differences in the handling of high alumina cement in

salt water and other ways.

There is also a group of manufacturers preparing to put another type

of cement on the market which will require still different handling. I there-

fore think that these specifications should be entitled "Specifications for

Portland Cement Concrete, Plain and Reinforced," and that in other places

in the specifications, where necessary to make that correction, it should

be made. I would so move.

Mr. C. C. Westfall :—The Committee had that point in mind, and the

first sentence of the specification reads "The cement shall meet the require-

ments of the American Railway Engineering Association's 'Specifications for

Portland Cement.' " The Committee felt it knew something about Portland

cement concrete, using the Portland cement that we get in the American

market, and these specifications are intended merely for that kind of cement.

These specifications do not recognize any other cement than Portland cement.

Mr. Wm. G. Atwood:— I maintain the title of the specifications should

say so, if that is the case. It is correct, as the Chairman has stated, that the

paragraph does say that, but I think the title should also say it.

(The motion was seconded, put to a vote and carried.)

Mr. B. R. Leffler :—Section 30 pertains to chuting concrete, and I do

not hope to have my ideas adopted, but I want to say something anyhow.

I am going to say that chuting concrete has been the cause of more poor

concrete than any other device. I am not going to say you cannot make
good concrete by chuting, but I do say that if you are going to make good

concrete, you have got to safeguard it much more severely than Section 30

safeguards it. My specification on chuting concrete is this : I do not allow

the chute on the job. That is the best specification. There are means of

chuting concrete that will give fairly good results. The specifications in

the section are a violation of some of the fundamental principles of mechanics.
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You have two different particles rolling down an inclined plane, or passing

down an inclined plane. The coarse aggregate tends to roll, and the mortar

tends to slide, and they will not reach the bottom at the same time, unless

the coarse aggregate rides on the top of the sliding mortar. That means an

over-sanded mixture. An over-sanded mixture means more water to make
it work.

I am going to introduce a resolution to the effect that we omit the

chute in these specifications. I will make that as a resolution and find out

whether I can get a second.

(The motion was seconded.)

The Chairman:—Your amendment would eliminate Section 30?

Mr. B. R. Leffler :—I would eliminate Section 30 and state positively

that no chuting will be permitted.

The Chairman:—It has been moved and seconded that Section 30 be

amended to read "chuting of concrete will not be permitted."

Mr. H. C. Crowell :—Once more I want to remind Mr. Leffler that

he is adding tremendously to the cost of doing railroad concrete work.

Mr. Robert H. Ford:—In justification I trust Mr. Leffler will not

insist upon a vote on his motion. This Association cannot go on record

either for or against chuting concrete because there are times and conditions

when the method may be desirable in the interest of economy and without

interfering with the results desired, whereas with different requirements

the practice may not be desirable. I believe the objective is the result desired

rather than the method by which it must be accomplished that should be

the consideration.

Mr. W. H. Kirkbride :—I think it would be very inadvisable to leave out

Section'30. You will note that it starts out by saying, "When concrete is

conveyed by chuting." You may eliminate paragraph 30 but the railroad

Engineers will continue to find it necessary to chute concrete. Section 30,

therefore, becomes valuable to them in surrounding their work with safe-

guards and therefore I think paragraph 30 is necessary.

Mr. C. C. Westfall:—What I have to say is not in defense of chuting

concrete, but in defense of this paragraph in the specifications. If good

concrete can be got by chuting I think this is the way it would have to be

deposited, and I believe if concrete is handled in this way it will be good.

It is my recollection that this paragraph came from the Joint Committee

report. I think it is taken bodily from the Joint Committee report and both

the Joint Committee and the Masonry Committee felt that the paragraph is as

stringent as it could be written in regard to chuting concrete.

The Chairman:-—Any further discussion? The question is on the

modification of Section 30.

(The motion was lost.)

Mr. B. R. Leffler :—The next point that I have is Section 36. Section 36

requires the concrete of the previous day's work to be cleaned and then

grout spread over it. These specifications are built on the idea of using a

certain amount of water to a bag of cement. When you put on grout

your water-cement ratio, I dare say, is way beyond anything the specifica-
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tions will make, and it appears to me that grout is not at all necessary.

The essential thing is to thoroughly clean the surface of the previous day's

work. Do not introduce, then, a layer of poor, sloppy concrete on top of

this previous day's work. I move in accordance with this idea that the

grouting requirement be omitted. The specification says fresh water should

be added and that, I think, should be sufficient.

Mr. G. H. Tinker (New York, Chicago & St. Louis) :— I agree with

Mr. Leffler on that point, that the use of grout is incorrect and I would

say further that it is my observation that it is very seldom used at the

present time. This specification is a survival of an old specification and

should not be perpetuated.

Mr. C. C. Westfall :—The thought of the Committee was that it is a

rather difficult thing to get a good bond between old concrete and freshly

deposited concrete. The old concrete will take up some water and will require

some additional moisture, and it was thought that additional cement in the

grout would be a good thing. Even if it were not the provision for some-

thing extra, the grout would be worth the trouble and expense. If they said

some incantations over it, it would be a good thing if they will clean the

joint and make it right. I think the provision for using cement grout on

the old concrete is a good provision.

The Chairman :—Any further discussion on the amendment to Section

36? Those in favor of amending Section 36, prohibiting the use of grout,

will say "Aye" ; opposed "No."

(The motion was lost.)

Mr. B. R. Leffler :—The next point that I have is Section 125, marked

(h). Somewhere in the specifications there should be a provision covering

the number of layers in the horizontal reinforcing bars in the bottom of

a beam.

I have had occasion to check over reinforced highway bridges over

railroads where they pile up as much as four, and I think in one case five

layers of horizontal bars. I hold that it is a difficult matter to build a

reinforced concrete beam with so many horizontal bars and I suggest that

in the right place the following clause be inserted, "Horizontal reinforce-

ments shall not be more than three layers deep."

Mr. C. C. Westfall :—Should you not say in either the tension or

compression area?

Mr. B. R. Leffler :—Usually it is most important in the tension side.

The Chairman:—It has been moved and seconded that paragraph (h)

Section 125, page 1084, be limited in the number of layers of reinforcing bars.

Mr. Meyer Hirschthal :— I am against this amendment because it would

preclude the possibility of a flat slab floor design or the design of a mattress

foundation of the four-way system of reinforcement which, in many in-

stances, is the most economical method and possibly the only available

method of putting down a foundation for a heavy structure. Where founda-

tions are such that piles would otherwise be required and the piles required

would be of such length as to put them out of the question, a mattress

foundation is practically the only method of obtaining a foundation for
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heavy loads. The four-way reinforced slab over the whole area is then

required for carrying- the specified loads.

Mr. B. R. LefHer:—I am willing to modify the requirements as far

as mattress foundations are concerned. I had in mind in particular rein-

forced concrete beams and arches. I am fully aware that mattress founda-

tions are a special line of reinforced concrete designing, and I am not sure

the specifications even cover the designing features of a mattress foundation.

Mr. A. C. Irwin:—I feel sure that what Mr. Lelifler has in mind is the

difficulty in getting the concrete to properly embed the bars. Naturally we

are in sympathy with that thought. It, however, becomes a question as to

whether that can be done properly rather than as to the quantity or number

of layers of bars.

He has also left open the question of the size of bars. Neither of these

cases, it seems to me, is fundamental to the specification. Let the Engi-

neer choose the size of the bars within the limit of commercial sizes, and

let him so design the flanges of his girder and so space the bars that the

concrete can be worked in around them. Naturally when rows of bars are

piled one upon another the effective depth of the girder is decreased and

you are paying for the heavy design to a certain extent, in the quantity of

steel reinforcement required. The question then becomes one as to how many

rows of bars should be used and paid for in this fashion as against widening

the flange.

That is a field practice and proposition and is scarcely a part of a speci-

fication that should. not limit the ability and skill of the Engineer.

Mr. F. R. Judd (Illinois Central) :—If we are going to limit the num-

ber of bars to three bars that would limit it against the use of flat slab

construction wher'e four bars go over the columns in a similar manner as in

mattress foundation construction work.

The Chairman :—The question is on the amendment to paragraph (h)

of Section 125. Are you ready for the question?

(The motion was lost.)

Mr. B. R. Leffler:—I have one more and then I am through.

Section 128 says that the compression fiber stress in flexure shall be

0.35 of the ultimate strength, as gotten by the test cylinders, I suppose.

This is based on the straight-line formula for the distribution of stress.

I think the Committee should have a footnote to the effect that this is

based on the straight-line formula. Those of us who remember the early

days of concrete development know that the more nearly correct formula

is one which takes into account the parabolic distribution of stress over a

section. I simply want a cautionary footnote to that effect.

Mr. L. W. Skov (Chicago, Burlington & Quincy) :—In regard to the

question of which one of the formulas to use, parabolic or straight-line, at a

point where the concrete is only stressed to 35 per cent of the ultimate, it ap-

pears to me to be one that need not be considered very seriously, as at the most

the difference between them would be 2 per cent and probably not over lj4

per cent.
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Mr. B. R. Leffler :— It may be there is not enough practical difference

but in talking over the specification this morning with some of the mem-
bers, it was noted that in Section 27, 0.25 is required and it seemed offhand

to be a rather wide difference between 0.35 and 0.25 and I wanted to make
it consistent.

Mr. C. C. Westfall:—Mr. Leffler, I would like to ask if on page 1071,

paragraph 84, that does not cover your point, general assumptions, "A plane

section before bending remains plane after bending, shearing distortions being

neglected." That is one of the general assumptions on which all of this is

predicated.

Mr. B. R. Leffler :—To those w-ho are not acquainted with concrete

development it probably does, but it seems to me that a footnote would pre-

vent anyone from going astray.

Mr. F. R. Judd :—I want to ask the Committee if they are satisfied

under clauses 13 and 14 that they will get the kind of cold drawn steel they

want, and if they do not think they should protect themselves by some speci-

fication regarding the composition and strength of that steel.

I would also call attention to the fact that there are two main sections

headed "Reinforcement." We have, on page 1057, a main heading "Steel

Reinforcement," clauses 10 to 14, inclusive; and over on page 1065 there

is a heading "Metal Reinforcement," clauses 50 to 55, inclusive.

I think the last set of clauses should be all grouped tcgether under

the first heading and follow immediately after clause 14 and thus make
the specification a little more compact.

Mr. C. C. Westfall :—The answer to the last question, the second section

under the heading of "Metal Reinforcement," refers to handling the material,

whereas in the first part of the specification it is for all materials used in

concrete grouped together.

Mr. F. R. Judd :—What I am afraid of is that in the use of this

specification actually in the field somebody is liable to look under "Steel

Reinforcement" and will stop there and will not find the portion covered

under the other clause.

Mr. T. L. Condron (Consulting Engineer) :— I think one is a purchas-

ing specification for material and the other is the workmanship specification

for the field.

The Chairman:—If there is no further discussion, gentlemen, you will

now be asked to vote on the specifications for Portland Cement Concrete

beginning at page 1056 and ending at page 1086 as amended by you. Arc

i'ou ready for the question?

(The motion was carried.)

Mr. C. C. Westfall :—The Committee recommends that the new Speci-

fications for Portland Cement as adopted by the .American Society for

Testing Materials be accepted and be substituted for the Specifications for

Portland Cement which now appear in the Manual. These specifications

appear in Bulletin 295. I so move.

(The motion was seconded.)
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The Chairman :—It has been moved and seconded that the Portland

Cement Specifications on pages 1094 to 1111, inclusive, be adopted and

published in the Manual. Is there any discussion?

Mr. B. R. Leffler:—I would like to ask for information. Do these

specifications make a requirement for compressive strength of neat cement

cylinders?

M. C. C. West fall :—These specifications are very much the same as the

old specifications but have raised the tensile strength about 25 lb.

Mr. B. R. Leffler:—You are not requiring compressive test?

Mr. C. C. Westfall:—We are not yet. I think the requirements for

packing the mortar in the mold is a little bit different.

Mr. B. R. Leffler:—It seems to me that the Committee should consider

the requirement of compressive test on cement, neat cement cylinders. We
are using cement in the form of compression, not tension, and as a sugges-

tion I would put in a requirement (maybe I am a little too early in this

requirement) to the effect that neat cement mortar at the end of twenty-

eight days should show a compressive strength of 3000 lb. per square inch.

There are a lot of variables entering into concrete and I am sure some of

these wide differences are caused by the different quality of the cement,

such differences not being revealed by a mere tension test.

Mr. C. C. Westfall :—I do not question the advisability or desirability

of having a compression test, but I believe that the specifications for cement

that this Association has along with the other associations are good, and this

present specification was developed under the auspices of the American

Society for Testing Materials, and with the co-operation of the representa-

tives of almost all the other scientific societies, and it will be adopted by

the Unite;! States Government, at least that is my understanding. There

were representatives of different departments of the Government on this

Committee and I doubt whether any great good would come if this Asso-

ciation makes any material change in the requirements of their cement

specifications.

Mr. A. C. Irwin:—I am in full accord with what Mr. Leffler has said.

He is taking advanced ground and I would like to do whatever I can to get

the American Society for Testing Materials and those other associated

bodies to get together and prepare a specification on compression tests for

mortar.

Mr. C. C. Westfall :—The Committee of the American Society for Test-

ing Materials dealing with the question of cement is still in existence and

our representatives are still members of that Committee. I will see that the

A.R.E.A. members of that Committee are instructed to bring that point up

with the Cement Committee of the American Society for Testing Materials

with the view of having it considered by that Committee.

Mr. Meyer Hirschthal :—I want to say that this matter of compressive

tests of cement will be taken under advisement. We realized at the meet-

ing of the Sectional Committee that tensile tests of cement are not a full

answer as to the strength of the cement, and there was a long discussion of

the methods and means of providing some method of compression tests.
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Mr. J. B. Jenkins (Baltimore & Ohio) :—I would suggest to the Com-

mittee that in placing this in the Manual they consider typographical rear-

rangement. On page 1057, "Steel Reinforcement" should be made a sub-

heading of "Materials" instead of a main heading. Then on page 1058,

before the sub-heading "Proportioning and Mixing" there should be a

main heading, "Workmanship," or something like that. And then again

on page 1071, "Design," which appears here as a sub-heading, should be a

main heading.

The Chairman :—Those things have been discovered and are being

taken care of.

The motion before the convention is on the adoption of the Specifica-

tions for Cement.

(The motion was carried.)

Mr. C. C. Westfall :—Under the heading Specifications for Construct-

ing Pre-Moulded Concrete Piles on page 415 of the Manual, paragraph 4,

should be changed to read as follows : "Concrete shall be of such mixture

as to give a strength of 3000 lb. per square inch at twenty-tight days."

I so move.

(The motion was put to a vote and carried.)

Mr. C. C. Westfall :—In the Specifications for Concrete Piles are

included cuts of diflferent designs of ties. The Committee felt that at the

time these specifications were written it was necessary to have design of

piles shown, but at the present time concrete piling has been in such general

use and there are different designs in existence, therefore the Committee

felt that these sections on design of concrete piling should be omitted from

the Manual. I so move.

(The motion was carried.)

Mr. C. C. Westfall:—There are certain other changes recommended in

the report which are in effect only changes to make the material in the

Manual correspond with the new specifications that have just been passed.

I do not think it is necessary, Mr. President, to read them in detail. That

completes the report.

The Chairman:—I WMsh to repeat that the Committee is dismissed

with the thanks of the Association. (Applause.)



J^ DISCUSSION ON ROADWAY
(For Report, see pp. 839-914)

(Past-President Hunter McDonald in the Chair.)

Mr. J. C. Wrenshall (Reading Company) :—The report of the Roadway
Committee will be found on page 839 of Bulletin 295. The first subject

is Revision of the Manual. I will call on Mr. E. C. Oyler, the Chairman

of that Sub-Committee, to present that report.

Mr. E. C. Oyler (Pennsylvania Railroad) :—The recommendations of

the Committee are found under Appendix A on pages 841-42 in Bulletir 295,

parallel columns being used to show present and proposed readings.

We have very few changes to suggest, the Manual having been fairly

well revised and considered last year.

The first change recommended is on page 19 where the definition of

"Borrow" (noun) has been broadened to read, "All material, used in making

embankments, which does not come from necessary excavation."

The second recommendation is merely a grammatical correction. The
Manual has been revised, on page 21, once since 1921, and, in order to

make sense, the title "Width of Roadway at Subgrade" must be read with

the subject-matter. We have merely eliminated the first word, "For."

The third change is on page 62, where we find specifications for

sodding with Bermuda grass. As Bermuda grass cannot be grown suc-

cessfully as a general proposition, its use being limited to restricted areas,

it is recommended that the specifications for sodding with Bermuda grass

be transferred as information to the Proceedings, the matter opposite to be

inserted in the Manual.

We have recommended general specifications for use of vegetation for

protection of slopes against erosion in seven paragraphs as printed in the

Bulletin.

Mr. Chairman, I recommend the adoption of the report.

The Chairman:—It is moved and seconded that the report of the Sub-

Committee as shown in Appendix A be adopted. Is there any discussion

on the motion?

(The motion was carried.)

Mr. J. C. Wrenshall:—The second subject is the continuation of the

study of Corrugated Metal Culverts for Railroad Purposes. I will call

on Mr. W. H. Woodbury, Chairman of that Sub-Committee, to read the

report.

Mr. W. H. Woodbury (Duluth & Iron Range and Duluth, Missabe &
Northern) :—We are continuing the study of the subject Corrugated Metal
Culverts, in regard to one thing, which is strength. We have nothing new
to offer in regard to durability or economy. We are endeavoring to deter-

mine something definite in regard to the strength of this material.

Under the paragraph on Pftge 844, present needs, we state that it is

probable that some additipnal tests may be necessary. We are not so sure that

H54
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those tests will be necessary. We are endeavoring to arrive at some con-

clusions without making further field tests. Whether we can or not remainr

to be seen. This is submitted merely as information.

I am inclined to tliink that at the end of another year we may ask to

have this subject temporarily discontinued, for the reason that durability can

be determined only by a long period of service, and economy depends on

durability. That is merely a suggestion of what we may have next year.

In the meantime, we expect to continue the study of strength, and submit

this report as information.

The Chairman:—Unless there is objection the report of Appendix B
will be accepted as information.

Mr. J. C. Wrenshall :—The next subject is Unusual Methods of Handling

Problems in Connection with Slips, Slides and Water Pockets. I will ask

Mr. E. J. Bayer, Chairman of the Sub-Committee, to review that report.

Mr. E. J. Bayer (Peoria & Eastern Railway) :—The Committee has

reported in Bulletin 295, page 845, on two unusual methods, and they

recommend that this report be accepted as information and the subject be

discontinued.

The Chairman:—I will call attention to the fact that this Appendix

has some extremely interesting information in it. Unless there is objection

the report as shown in Appendix C will be accepted as information.

Mr. J. C. Wrenshall :—The next subject is Deformations of the Road-

bed, under Appendix D, on page 849. H. E. Tyrrell, Chairman of the Sub-

Committee, is not present. The subject-matter is self-explanatory and I

believe it will be very easily understood and fully appreciated by those who
have read it.

The Chairman :—Unless there is objection, the contents of Appendix

D will be accepted as information.

Mr. J. C. Wrenshall:—The next subject is Appendix E, Drainage of

Roadway in Yards and Main Lines where there are Three or More Tracks. I

will ask Mr. E. M. Smith, Chairman of the Sub-Committee, to submit the

report.

Mr. E. M. Smith (Boton & Maine Railroad) :—This report is submitted

as information. The drainage of yards is covered in the Manual to a certain

degree at least, and therefore the subject is presented as information.

The Chairman:—The information submitted is of great value and is

very opportune at this time, I believe. Unless there is objection it will be

accepted.

Mr. J. C. Wrenshall:—The next subject is Appendix F, page 851, on

Improved Methods of Preventing Corrosion of Fence Wire. Mr. H. B.

Barry is Chairman of that Sub-Committee, and I will ask him to make a

few remarks on the subject.

Mr. H. B. Barry (St. Louis-San Francisco) :—The Sub-Committee

has given the subject considerable study and feel they are not in position

at this time to make anything but a progress report. We recommend that

the study of the subject be continued and also that arrangements be made
for representation on the ((.mmiltee of the American Society for Testing
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Materials, who are installing test samples of various kinds of wire fencing

at Pittsburgh, Pa., Altoona, Pa., Penn State College, Pa., Sandy Hook, N
J., and Key West, Fla.

This is information only as to what we endeavored to do with the sub-

ject.

The Chairman:—The Board of Direction will take due note of the

recommendation of the Sub-Committee and the Committee on this particular

point, and unless there is objection the report as submitted will be accepted

as information.

Mr. J. C. Wrenshall :—The next subject is shown under Appendix G,

Continue the Study of Specifications for Steel Fence Posts, as Previously

Conducted by Committee IX.

J. E. Johnson was the Chairman of^ that Sub-Committee. During the

year this Committee proceeded with its work and quite a large amount of

information was gathered, but owing to the sudden death of the Chairman,

the Sub-Committee is not ready to report. It is recommended that the sub-

ject be reassigned.

The obituary notice of Mr. Johnson's death will be found on page 71,

Bulletin 289, September, 1926.

The Chairman:—Unless there is objection, the report of the Committee

as shown under Appendix G will be accepted as a progress report, and the

Board of Direction will determine the question of further continuance.

Mr. J. C. Wrenshall :—I desire to pause for a brief moment to pay a

tribute to our departed fellow-member, James Edward Johnson, late of

the Pere Marquette Railway. The Roadway Committee felt very deeply

the passing of this man who had endeared himself to us by his genial

manner and willingness to assist at all times on any assignment given him.

We have missed Mr. Johnson very much and feel that his family lost a

devoted husband and father ; the Committee a steady and consistent worker

;

and the Association an enthusiastic and dependable member.

The Chairman:—The tribute paid by the Committee is a very appro-

priate one, and I am sure the convention appreciates their having presented

the matter in this way.

M. J. C. Wrenshall:—The next subject is Appendix H, page 852, on

the subject Permanent Roadbed. I will ask Mr. C. W. Baldridge, Chair-

man of that Sub-Committee, to review the report.

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) :—The subject

of Permanent Roadbed was assigned to this Committee for this year's work
for the first time, and in the assignment we were instructed to begin the

study of permanent roadbed. Our report will be found in Bulletin 295, pages

852-914.

As the report on the subject of permanent roadbed is submitted as in-

formation, with no conclusions to be passed upon, very little need be said

regarding the matter submitted.

It is probably appropriate to say that the Committee endeavored to

present a history of the idea of permanent roadbed, as advocated since the
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use of concrete has become general. Then the history of the origin and

development of railway track, in an effort to trace the reasons for the use

of the present type of roadbed, and lastly to discuss the various angles of

the modern forms of masonry roadbed.

Of the matter submitted it is desired to call attention to the statement

at the bottom of page 855 and on page 856 as quoted from Mr. Schaub's

paper of 1907.

In this part of his paper Mr. Schaub discusses the stresses and reactions

occurring in rails of different sizes, under the assumed condition, of a theo-

retical problem.

You will note that Mr. Schaub assumes a given load applied to a 60-lb.

and an 80-lb. rail under identical conditions and then further assumes that

in each case the deflection would be one-eighth of an inch, and upon this

false assumption Mr. Schaub bases arguments for his proposed concrete

roadbed.

This false assurnption clearly shows the difficulty of basing conclusions

upon theoretical assumptions without very carefully checking all factors

assumed.

This erratic assumption has tinged not only Mr. Schaub's theories and

conclusions, but it has been allowed to creep into some later writinjfs on the

subject.

It is also worth calling attention to the matter on page 897 under the

sub-heading "The First American Track," wherein Mr. Watkins states that

the first cross-tie track was built as a temporary expedient, owing to the

slowness in the delivery of the stone blocks or stringers.

From this beginning, the cross-tie track was found to be more satisfac-

tory than the masonry track then in use. However, the demonstrated supe-

riority of cross-tie track to the masonry track, which consisted of stone slabs

laid under each rail, separately, does not prove that masonry track construc-

tion consisting of large concrete slabs extending entirely across the roadbed

cannot be an improvement over cross-tie track.

Whether concrete track construction, in some form or other, is or is

not superior to cross-tie track, is yet to be proven.

Since this report was written, the test of concrete roadbed which is

being tried on the Pere Marquette Railway has been completed and the Com-
mittee hope to be able to report favorable results by the time that another

convention date arrives.

This is submitted as information, with the exception that the subject

will be reassigned for next year's work.

Prof. A. N. Talbot (University of Illinois) :— I see that the Committee

gives as the greatest advantage of a concrete roadway the practical certainty

of reducing train resistance. On page 912 the staterrient is made, "There is,

therefore, a probability amounting to almost a certainty that the concrete

construction of railroads should result in a 10 per cent increase in the traffic

capacity of any locomotive above its capacity on the present type of railway."

This, according to the statement made, is based upon a reduction in the
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rolling resistance of 1.45 lb. per ton. The rolling friction, as it is called

here, is considered to be decreased from 2.90 lb. per ton to 1.45 lb. per ton,

while the journal friction is given as 4.40 lb. per ton.

I am not convinced from all the information I have and have been able

to find and from a study of the nature of the rolling resistance that it is

possible to make any such reduction as 1.45 lb. per ton in the rolling resist-

ance, and I hope the Committee in continuing their work will attempt to get

other information bearing upon this, because if the reduction in rolling

friction is the principal advantage of the concrete base, we certainly should

have more definite information than has been provided.

Mr. C. W. Baldridge:—The figures for reduction in rolling loads as

given here are based upon the tests made by Dr. Dudley some years ago,

and which I think you will find quoted in the various engineers' bocks which

the Committee have mentioned here in this report.

It is the intention of this Committee, of course, to continue the study

and to endeavor to get other information, and we would be very, very glad

to have anyone who has been doing dynamometer work to give us all that

they can in regard to the difference in the tractive force required on differ-

ent weights of rail.

The Chairman:—The point brought out by Professor Talbot will be

taken into consideration by the Committee.

Is there any further discussion of the report?

Mr. W. C. Cushing" (Pennsylvania) :—At the bottom of page 910 is

this statement : "The fourth item under the general heading of 'Reduction

in the cost of maintenance' reads 'Probably reduced wear on rails and angle

bars.' This is 'playing a long shot,' for the rails if carried upon a rigid and

unyielding support are more than likely to receive greater punishment from
the blows of the wheels than they will if not supported quite so rigidly. As
a corollary, did anyone ever see a blacksmith use a wooden anvil?"

I would add another corollary, did anyone ever see a blacksmith use

a hammer with springs?

That remark has caused me to make this following statement, and it is

a statement that is not written for this especial occasion, but in answer to

a written request for an opinion on a subject very closely related.

The question that was asked was in regard to resiliency, which is a

very important part of this report.

Resiliency.

"The term resiliency in connection with track is very loosely used by

railway men themselves, and you have asked a very diiificult question to

answer, as you would probably receive different replies from different

Engineers.

"Resiliency should be in the vehicle and not in the track. The vehicle

is a steam hammer of great striking force, and the greater the drop on the

object, the greater the blow and consequent depression. It is important,

therefore, to keep the track well up to its work and not allow any greater

drop of the vehicle upon it than can be helped.
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"For the reason that perfect track construction is diflicuU to obtain, its

depression under the locomotive and cars lias been called resiliency, whereas

it is nothing more than weakness. It can readily be seen in the comparative

riding of newly-built stiff heavy-rail track, like 130-lb., as compared with the

lighter weights of rail under the same trains.

"No trackman when given heavy stiff track ever wants to go back to

the furmer light and yielding track.

"An effort to obtain this stiffened type of track has just been made by

the Pere Marquette Railway, under the direction of its President, Frank H.

.\lfred, at Beech, Michigan, the construction of which you will find described

in 'Railway Age,' January 8, 1927, page 174.

"The trouble which Mr. Alfred will experience, however, with this

track will be from the fact that it is laid on a yielding material and must

necessarily have provision for readjustment as long as it will be serviceable.

.•\ slight provision for readjustment has been provided, but does not seem

to me that it will be effective over a sufficiently long period of time. Other

railroads have tried these types of attempted permanent structure, which

liave resulted in failure. A concrete type of roadbed has been used in the

Pennsylvania Station in New York City, a small section of it in one of the

tubes under the East River, and in the Hoboken Tunnel of the Delaware,

Lackawanna & Western Railroad at Hoboken, New Jersey, but they are all

on rock foundation, which is unyielding.

Rail Spacing.

"A space distance between rail ends is not for the purpose of assisting

in or providing for resiliency in any way. If it were not for the unyielding

laws of temperature we would have no intermediate space between rails ends,

but would lay them as closely together as we could get them. The laws of

temperature are immutable and the changes cause rail steel to expand and

contract with great regularity. When rails are laid, therefore, it is neces-

sary for us to provide for inevitable subsequent expansion at the ends, but

this is done by fixed allowances which are explained in the accompanying

Specifications for Standard Track, Form C. E. 78- (d). Instructions Nos.

312, 313, 314, 315, 316 and 317, in which you may be interested.

Rails on Curves

"What has been said about resiliency applies equally the same on curves

and we do not expect rails to yield to the curve pressure, but of course

whether they do or do not will be determined by the strength of the fastenings

used. We try to make these as unyielding as possible.

"As, however, force is used in diverting rolling stock from a straight

or tangent line, the reactionary force is expended in having the metal ground

f)ff by the wheels on the outside rails, and that is why they do not last as

long on curves as on tangent. The metal becomes ground off from the head

of the rail to the extent of 25 to 30 per cent of the area of the head, after

which it is necessary to replace the rail."



1460 Roadway

In addition to this I will say that I think Mr. Baldridge's splendid col-

lection of facts on the types of concrete roadbed have been sufficient to

prove already that a concrete roadbed, of concrete material, is not suitable

for a roadbed directly under the rails as it has been constructed in the past.

The only use for concrete under the track that appears to be at all successful

at the present time is its use as a mattress underneath the ballast where the

track can receive its adjustment as will be necessary. It is not practicable

to make bridge foundations for every foot of track, and consequently the un-

yielding nature required cannot be obtained without provision for readjust-

ment.

The concrete mattress has been used very successfully in several places,

not only on the Long Island Railroad at Jamaica but the Union Station in

Chicago. The reasons were very evident why it was so used, and it was
proved to a very adaptable way of using it.

Mr. W. E. Hawley :—I believe Mr. Cushing's remarks are well taken.

We have on our ore docks 24 ft. length rails supported on walls every 12

ft., that is, every alternate wall supports the ends of the rails. It gives

the effect that Mr. Gushing has reported of a hard anvil on which the ham-
mering naturally takes place at rail joints as accentuated by the unyielding

character of the support underneath the rail. We have had on account of

this anvil effect excessive hammering on these rail joints. It is thought

that on the next design for ore docks we will place the rail joints at the

middle of the span on the steel, hoping to get a little more elasticity and

possibly a little more even base for the rail, and in that way we would

eliminate some of the excessive rail hammering and battering that we have

had before. I think this is certainly liable to happen in the same experience

in the solid^ roadbed as proposed in this new investigation.

The Chairman:—The discussion has been interesting. Does anyone

else desire to make any remarks?

Mr. C. W. Baldridge :—The Committee recognizes very clearly the

statement made by Mr. Gushing that the information gathered so far brings

about certain deductions, or could bring about certain deductions, but our

instructions were to begin to study, and we know there are tests under way
which should be followed farther before making a final conclusion. There-

fore we decided not to attempt any conclusions or partial conclusions at

this time, and it has been the effort of the Committee, regardless of what
preconceived notion or idea of what rigid roadbed would do, to keep an open

mind on the subject and try to follow these tests so as to get the best we
can out of them.

Mr. J. C. Wrenshall :—I would like to call attention to the opening

remarks made by Mr. Baldridge wherein he said this subject has been

assigned for the first time. We have recommended that it be continued.

We hope to present additional facts, figures, and other interesting infor-

mation on this subject next year, which data may coincide with some of the

remarks made by the other members from the floor.

The Chairman :—The Committee is to be highly commended for the

careful manner in which they have considered this question. Unless there is
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further discussion of the report, the Committee will be relieved with the

thanks of the Association. Before they retire I want to say their recom-

mendations with respect to the changes in the Manual will be taken under

consideration by the Committee and the Board of Direction. (Applause.)

Mr. E. E. R. Tratman (Engineering News-Record—by letter) :—In

the description of the experiments with concrete roadbed on the Northern

Pacific Railway, as given in the Committee's 1927 report (Bulletin 295, pages

867-869) and reprinted from a pamphlet, it is stated that the maintenance

"has been far below that of track of the ordinary type of construction on

the same line." It may be of interest to note that the experience as given

in "Engineering News-Record" of May 15, 1924, page 858, does not support

the above statement. In fact, the figures of cost of maintenance per mile

were $1225 to $4108 for the types of track with concrete roadbed as com-

pared with $610 for standard track construction with ties and ballast. The

track on concrete was more rigid under trains and therefore rather hard

riding, and the wear of rails was somewhat greater than on adjacent ordi-

nary track, but the battering at rail joints was slightly less. The general con-

clusion was that experience did not encourage the idea of ultimate economy

in the use of these concrete roadbed designs. In view of the Committee's

desire to bring its information up to date, it might be well to reprint the

above article as an Appendix to its 1927 report, in order to present the

results of actual experience.

Mr. C. W. Baldridge, Chairman, Roadway Committee :—Replying to

Mr. Tratman's discussion of the concrete roadbed tests on the Northern

Pacific Railway. The statement given on page 869 of Bulletin 295, to the

effect that "The railroad officials say that the maintenance cost has been

far below that of track of the ordinary type of construction on the same

line", which Mr. Tratman takes exception to, is quoted from the paper read

before the American Concrete Institute on June 28, 1919, as stated near the

top of page 859 of the Committee's report.

There is no doubt that the statement was true when it was made, as

the concrete roadbed under discussion was then not more than five years old,

and had the test shown greater cost of maintenance within five years, we
would not now be investigating the subject.

In regard to the later cost figures which were printed in the Engineering

News-Record of May 15, 1924, as mentioned by Mr. Tratman, the Committee

had these figures but did not consider it desirable to use them since we were

furnished later figures by the Northern Pacific Railway Company officials,

which are given in the report beginning near the bottom of page 907 and

extending two-thirds of the way down page 908. The figures as given by
the Committee are made up on a percentage basis, the cost of maintenance

of cross-tie and ballast track on the same line being taken as 100 per cent.



DISCUSSION ON COOPERATIVE RELATIONS
WITH UNIVERSITIES

(For Report, see pp. 1187-1189)

Mr. Robert H. Ford (Chicago, Rock Island & Pacific) :—The report

of the Committee on Co-operative Relations will be found in Bulletin No.

295, page 1181. It is a progress report and self-explanatory, and the Com-
mittee have nothing further to ofifer at this time.

The Chairman:—Unless there is objection, the report of the Committee

will be accepted, and the Committee will be relieved with the Association's

thanks. (Applause.)

DISCUSSION ON STRESSES IN RAILROAD TRACK
(For Report, see page 1190)

Prof. A. N. Talbot (University of Illinois) :—The Committee on

Stresses in Railroad Track has only the report of progress which is given

in Bulletin 295 on page 1190. This report outlines the topics, the principal

kinds of work which the Committee has been doing in the last year, that

of rail joints and their action in track. Tests were made both in the lab-

oratory and on track, the work on the track being made on the New York

Central Railroad at Utica, New York, the Delaware, Lackawanna and

Western Railroad at Dover, New Jersey, the Illinois Central Railroad at

Champaign, Illinois, and the Chicago, Burlington and Quincy Railroad at

Aurora, Illinois.

An attempt is being made to find the variation and the amounts of

bending moment developed in the rail under a variety of conditions of

joint and of track, as compared with the bending moment developed in

the full rail. I may add that a large amount of information has been

obtained, and that we are still wrestling with it. Much of it is of a

puzzling nature. It is thought, however, that we shall be able to get in-

formation which will throw light on many matters connected with the

design and use of rail joints. The Chairman has been much disappointed

in not being able to present to the Committee itself before this a report

of the work being done.

The Chairman:—If there is no discussion, or questions to be asked,

the Committee is excused with the thanks of the Association. (Applause.)
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